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STRUCTURE    OF   VEGETABLES. 
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ofVegetahU  Matter.'^StruSure  of  Plants.^Tbe  Stem. — The 
Aark.  —  The  fFood.-^Tbe  Pith.-^The  <va/cular  tyfiem  in 
Plant s.^Refpiraiion  of  Plant s.-^Tbe  Rootj^The  Leaves.*^ 
The  F lower. '^The  Fruit. '^The  Zeed,r^Bonnet^s  Experiments.'^ 
Perpendicular  Growth  of  Plants. ^^^Plants  propagated  by  Slips f 
Buckers^andOff'fets^ 


A  DISTINCTION  ha?  been eftablirtied  by 
philofophers,  which  is  not  deftitute  of  utility, 
though  it  niuft  be  confeflcd  that  in  this,  as  in  every 
other  inftance  which  regards  the  fyftcnl  of  nature, 
the  line  of  demarcation  is  fcarcely  defined  with 
fufficient  precifion, — All  natural  bodies  have  been 
claflfed  under  tWo  grand  divifions ;  unorganized"  and 
organized  bodies.  If  the  phrafe  vegetable  lift 
might  be  freely  admitted,  it  would  be  confiftent  with 
correAneis  to  term  the  farmer  the  inanimate,  and 
the  latter  the  animated  parts  of  creation.  Through 
the  former  of  thefe  regions  we  have  already  travelled 
Widi  fome  diligence,  though  it  is  to  be  appre-. 
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hendcd  not  without  pain  and  difficulty  to  the 
reader:  for  an  author  is  but  feldom  an  adequate 
judge  of  the  degree  of  entertainment  which  his  la- 
bours are, capable  of  affording  to  others. — The 
latter^'which  includes  what  the  old  writers  denorni* 
nate  the  vegetable  and  animal  kingdoms^  remains  to 
be  confidered. 

Unorganized  bodies,  wc  have  fceii,  confift  of 
ffmple  combinations  of  a  vaft  variety  of  diflFercnt 
elementary  principles.  Organized  bodies,  on.  the 
contrary,  confift  of  few  principles ;  but  in  the  pro- 
portions, combinations,  and  arrangement  of  thcfe 
principles,  they  are  infinitely  varied  j  and  their 
flrufture  is  as  complex,  as  their  materials  are  fimr. 
pie.  Thus,  in  the  mineral  creation  we  may  cnume* 
rate  not  fewer  than  thirty-three  diftindt  efcmentary 
principles ;  the  vegetable  creation  for  the  moft  part 
confifts  only  of  three  5  and  the  utmoft  to  which  it 
can  be  Extended,  is  about  fix  or  feven  diftindt  fpecies- 
of  matter,  which  occafionally  enter  into  the  com- 
.  pofition  of  thofc  varied  beauties,  that  fiagularity  of 
Ilrufture,  that, vaft  aflcmblage  of  organized  bodies, 
fo  different  in  qualiti.es  and  external  appearance, 
which  the  woods,  the  fields,  and  the  gardens,  prc- 
fent  to  our  view  :  lb  numerous  that  they  have 
hitherto  eluded  the  arc  of  die  moft  (kilful  botanift 
to  methodize  and  arrange. 

The  conftituent  or  elementary  principles  of  ve- 
getables, are  hydrogen,  oxygen,  and  charcoal. 
I'hefe,  as  far  as  our  obfervations  have  hitherto  ex- 
tended, are  common  to  all  vegetables,  Theric .  are 
fome  other  fubftances,  flich  as  calcarious  earth,  iron^ 
and  azote,  which  are  occafionally  found  in  vegc- 
*        "  tables  k 
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tables  I  but  as  they  are  not  common  to  all  plants, 
they  cannot  be  confidered  as  eflential  to  the  Conftn 
tution  of  vegetable  mattei*. 

But  if  the  materials  of  which  vegetables  are 
Gompofed  are  fo  few  and  fimple,  their  organization 
is  curious  beyond  any  thing  which  the  mineral 
world  prefents  to  our  view.  The  parts  of  vege- 
tables, which  naturalifts  are  accuftomed  to  confidcr 
as  diftinft  in  their  nature  and  funftions,  are  fix,  the 
ftem  or  trunk,  the  root,  the  leaf,  the  flower,  the 
fruit,  and  the  feed.  In  many  vegetables  the  root 
appears  nearly  fimilar,  in  all  its  conftituent  parts, 
and  principles,  to  the  ftem  or  trunk,  and  indeed  the 
One  feems  a  continuation  of  the. others  which  muft 
be  my  apology  for  reverfing  in  fome  degree  the 
order  of  nature,  and  treating  firftof  that  part,  which 
though  it  feems  to  proceed  or  fpring  immediately 
from  the  other,  is  yet  the  moft  perfeft  in  its  organi- 
zation, and  is  in  general  of  the  greateft  ufe  and  im- 
portance to  man. 

I.  The  ftend  or  trunk,  which  includes  alfo  the 
branches,  I  rnight  fay  all  the  more  folid  and  fub-* 
fiantial  parts  of  a  tree  or  plant,  confifts  of  three 
parts,  the  bark,  the  wood,  and  the  pith; 

I  ft.  The  bark  is  protefted  on  the  outflde  by  a 
cuticle,  epidermis,  or  fcarf-fkin,  which  confifts  fome- 
times  of  numerous  layers,  and  differs  in  thicknefs 
in  different  pknts.  This  ikin  or  cuticle  is  an  or- 
ganized body,  compofed  of  very  minute  bladders, 
interfperfcd  with  longitudinal  woody  fibres,  as  in 
the  nettle,  thiftle,  and  the  generality  of  herbs.  It 
contains  alfo  longitudinal  veflels,  and  is  vifibly  po- 
rous in  fome  plants,  and  particularly  the  cane. 
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On  removing  the  cuticle,  the  true  bark  appears^ 
and  may  be  confidered  as  a  congeries  of  pulp  or 
cellular  fubftancc,  in  which  are  placed  a  number  of 
,  vcITels,  as  well  as  longitudinal  fibres.  The  veffels 
of  the  bark  are  differently  fituatcd,  and  d^ftined  for 
various  ufes,  in  different  plants.  In  the  bark  of  Ae 
pine,  for  inftance,  the  inmoft  are  lymph-dufts,  ex- 
cecdingly  minute;  thofe  neareft  the  flirface  arc 
gum  or  refiniferous  veffels,  for  the  fccretion  of  the 
turpentine,  and  thefc  are  fo  large  as  to  be  vUibJe  to 
the  naked  eye. 

ad.  The  wood  lies  between  the  bark  and  the  pith. 
Its  fubflance  is  denfer  that  that  of  the  bark,  and 
its  ftrudture  more  difficult  to  be  underftood.  It  is 
.however  generally  fuppofed  to  confift  of  t;wo  fub- 
fiances,  the  parenchymatous  or  cellular,  and  the 
ligneous.  The  ligneous  parts  are  no  more  than  a 
congeries  of  old,  dried  lymph-dufts*  Between  the 
bark  and  the  wood  a  new  ring  of  thefe  duAs  i& 
formed  every  year,  which  gradually  lofcs  its  fbft- 
ncfs  as  the  cold  fcafon  approaches,  and  towards  the 
middle  of  winter  is  condenfed  into  a  folid  ring  of 
wood.  Thtfe  annual  rings,  which  are  vilible  in 
moft  trees  when  cut  tranfverfely,  ferve  as  marks  to 
determine  their  age.  They  fecm  to  decrcafe  inr 
breadth,  as  the  tree  advances  in  age ;  and  as  they  arcr 
found  to  be  very  unequal  in  fize  throughout,  their 
breadth  probably  varies  according  as  the  feafon  r& 
favourable  or  otherwife. 

The  wood  differs  from  the  bark,  liot  merely  in 
thg  degree  of  hardnefe  5  its  fbrudurc  is  ciTentially 
difFerehti  a,nd  the  apparent  coiivcrfion  of  bark  int(> 
wood  is  eatirely  a  deception.    One^  ibiking  dif** 
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fcrchce  between  th^  wood  and  the  bark  is,  that  the 
former  is  poffefled  of  fpiral  veflcls  which  run  fronni 
one  end  of  the  tree  to  the  other.  From  the  great 
refemblance  of  thefe  air-veffels  to  thole  of  infefts, 
they  are  fuppofed  to  be  iubfervient  to  the  fame 
funftiori.  The  fterti  of  fome  plants  is  entirely  hol- 
lo^, partly,  it  is  fuppofed,  from  thefe  jilants,  which 
are  generally  of  a  quick  growth,  requiring  a  more 
than  ordinary  (upply  of  air. 

jd.  The  pith  is  fituated  in  the  center  of  the  ftem, 
and  in  young  plants  it  is  very  abundant.  Ic  is  faid 
by  fome  authors  to  confift  of  exa6Hy  the  fame  fab- 
flance  as  the  parenchyma  or  'cellular  fubftance  of 
the  bafk  ;  and  to  bfe  compofed  of  fmall  cells  or 
bladdcrs>  generally  of  a  circular  fi^re,  though  in 
fome  plants,  as  the  borage  and  thiftle,  they  are  an- 
gular.  In  moft  plants  the  pith  gradually  dies  away 
as  they  approach  to'  maturity  j  and  in  old  trees  it 
is  almoft  entirely  obliterated. 

Such  arethc  folid  parts  of  plartts;  but  to  render 
their  organization  more  clearly  undieHlood,  in  plate 
I,  fig.  I .  is  the  feftion  of  a  branch  of  a(h,  cut  tranf- 
verfely  as  it  appears  to  the  eye.  Fig  a.  is  the  fame 
feftion  magnified.  A.  A.  the  bark.  B.  B.  B.  an 
arched  ring  of  fap-veffels  next  the  cuticle.  C.  C.  C. 
the  cellular  fubftance  of  the  bark,  with  another 
arched  row  of  fap- veflcls.  D.  D.  a  circular  line  of 
lymph-dufts  next  the  Wood.  E.  E.  the  wood.  F. 
the  firft  year's  growth.  G.  the  fecond.  H.  the  third. 
I. I.I.  the  true  wood.  K.  K. the  great air-veflcls. 
L.  L.  the  lefler  air-veflels.  M.  M.  M.  parenchy- 
matous infertions  of  the  bark,  reprefented  by  white 
rays.   N.  O.  the  pith. 

B  3  The 


6,  Jir  Veffels  (f  Plants.    [Book  VIIL 

The  name  of  air-veffels,  as  Was  before  tetnjtrk^, 
bas  been  given  to  certain  tubes  fituated  in  the  wood» 
leaves,  and  petals,  but  not  in  the  bark  of  trees. 
They  are  formed  by  a  number  of  fmall  filaments, 
fpirally  rolled  up  fo  as  to  form  a  cavity  in  the  mid- 
dle, and  are  fuppofcd  to  be  the  inftruments  of  rc- 
ipiration  in  plants  j  but  how  this  fiindion  is  per- 
formed, is  not  clearly  undcrftood.  Trees  and 
fhrubs  only  are  poffeffed  of  air-veflelsj  and  when 
a  plant  is  placed  under  the  cijhaufted  receiver  of 
an  air-pump,  the  air  only  iflucs  from  the  wood 
in  which  the  air-yeflfels  are  (itu^ted. 

There  is  reafon  to  believe  that  the  air's  proper 
entrance  to  plants  is  through  the  cuticle,  which  is 
proved  to  be  a  vafcular  fubttance,  fince,  when  under 
an  exhaufted  receiver,  it  iffues  dirc<SHy  through  the 
curiclc.  That  the  air  is  neceffary  to  the  fuftenance 
of  plants,  appears  from  the  experiments  of  Dr. 
Bell  *.  In  the  winter  fcafon  he  covered  feveraj 
young  trees  with  varnifh,  leaving  the  tops  of  the 
branches  only  expofed  to  the  air.  They  remaine4 
in  this  iituation  during  the  following  fummer,  when 
fome  of  them  lived,  though  in  a  languid  ftate  j  but 
thofe  from  which  the  air  had  been  more  accurately 
excluded,  died  without  a  fingle  c^^ception.  To  this 
proof  the  fame  author  adds,  that  trees  overgrowi> 
-with  mofs  have  few  leaves,  weak  Ihoots,  and 
fcarcely  any  fruit;  and  that  it  is  the  common 
pradlicc  of  all  judicious  gardeners  to  drip  the  mofs 
from  the  bark  of  aged  trees,  which  by  admitting 

♦  See  his  excellent  Thefis  on  the  PJiyfiology  of  Plants, 
Manch.  MexD,  vol.  ii. 
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the  air,  generally  reftores  them  to  vigour  and  fruit- 
fulnefs. 

II.  The  rt)Ot,  which  fixes  the  plant  to  the  earth, 
amd  is  the  chief  fourc«  of  its  nourifhment,  differs 
much  in  different  5)ecies  of  vegetables.  All  roots 
agree  in  being  fibrous  at  their  extremities,  and  it  is 
by  their  fibres  chiefly  that  they  are  fitted  to  draw 
nourifhment.  The  root  terminates  upwards  in  the 
.ftcm  or  trunk,  which  fuflains  the  odier  parts  of  the 
vegetable.  The  internal  ftrufture  of  the  root,  or 
rather  of  its  fibres,  differs  not  very  materially  in 
general  from  that  of  the  ftem.  It  confifls  of  a  cuticle, 
bark,  wood,  and  commonly  of  a  fmall  portion  of  pith ; 
though  there  are  fomc  roots  which  haye  no  pith  at 
.all,  while  there  are  others  which  have  litde  or  nortc 
at  the  extremities^  but  a  confiderable  quantity  near 
the  top.  The  cuticle,  in  all  roots  at  a  certain  age,  is 
double;  the  cortical  fubflance,  or  bark,  differs 
gready  in  its  quantity  and  difpoGtioii  in  different 
plants.  In  treps  it  is  thin  i  in  carrots,  on  the  con- 
trary, it  is  one  half  of  the  femi-^iameter  of  the  root  % 
and  in  dandelion  it  is  nearly  twice. as  thick  as  the 
woody  part.  The  roots,  as  well  as  the  trunk  of 
plants,  are  furnifhed  with  a  variety  of  veflels  for  the 
purpofe  of  conveying  and  circulating  air  and  the 
juices  necfeffary  to  their  nourifliment. 

In  plate  I.  fig.  3.  is  a  fcftion  of  the  root  of 
wormwood,  as  it  appears  to  the  eye  j  and  fig.  4,  is 
the  fame  magnified.  A.  A.  the  fkin  with  its  vefTels. 
B.  B.B.  the  bark.  C.  C.  C.  the  lymph- duds  of  the 
bark.  The  other  holes  are  fmall  cells  or  fap-vef- 
fels.  D.D.D.  parenchymatous  inferrions  from  the 

E  V  bark* 
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bark.    £•  E.  E.  the  rays  of  the  wood,  with  the  air- 
veffels, — This  root  has  no  pith, 

IJL  The  leaves  arc  organs  effential  to  the  ex- 
iftence  of  plants.  Trees  perilh  when  totally  divefted 
of  them  J  and  in  general,  when  ftript  of  any  con-r 
fidei:able  proportion  of  their  leaves,  they  do  not 
ftioot  vigoroufly.  The  leaves  are  formed  by  the 
cxpanfion  of  the  veflcls  of  the  ftalk  into  a  net-work, 
which  exhibits  a  beautiful  appearance  when  the  in- 
termediate parenchymatous  matter  is  confumed  by 
putrefaftion.  Both  furfecesof  the  leaf  are  covered 
with  a  membrane,  which  is  a  thin  bark,  continue4 
froni  the  fcarf-fkin  of  the  ftalk. 

IV.  The  flower  confifts  of  four  parts,  the  calyx, 
the  corolla,  the  ftamina,  and  the  piftillum.  The 
calyx  or  flower-cup  is  almoft  always  of  a  green  co- 
lour, and  is  that  which  furrounds  and  fupports  all 
the  other  parts  of  the  flower.  The  corolla  is  of 
various  colours,  is  varioufly  jfhaped  in  different 
vegetables,  and  is  that  which  conftitutcs  the  moft 
confpicuous  part  of  the  flower.  It  fomctimes  con- 
fifts of  one  continued  fubftance,  but  more  frequently 
of  feveral  portions,  which  are  called  petals.  The 
ftamina  are  fuppofed  to  be  the  male  part  of  the 
flower.  Linnaeus  defines  them  to  be  an  entrail  of 
the  plant,  defigned  for  the  preparation  of  the  pollen^ 
jEach  ftamen  confifts  of  two  parfsi  the  filimentuni 
or  fine  thread  which  fupports  the  anthera,  and  the 
anthera  itfelf,  which  contains  within  it  the  pollen, 
and  when  come  to  nnaturity  difcharges  it  for  the 
impregnwion  of  the  germcn.  From  the  fuppofed 
funftion  of  the  ftamina,  they  afford  the  chief  four^* 
dation  of  the  diftribution  of  the  vegetable  fyfteni 
'  intq 
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into  ckfTes*  Such  flowers  as  want  this  part  arc 
called  female ;  luch  as  have  it,  but  want  the  piftiU 
lum,  male  ;  fuch  as  have  them  both,  hermaphro- 
dite 5  and  fuch  as  have  neither,  neuter. 

The  piftillum  or  pointal  is  fuppofed  to  be  the 
female  part  of  the  flower  j  it  is  defined  by  Lin- 
nasus  to  be  an  entrail  of  the  plant,  dcfigned  for  the 
reception  of  the  pollen.  It  confifts  of  three  parts, 
the  germen,  the  ftyle,  and  the  ftigma.  The  ger- 
men  is  the  rudiment  of  the  fruit  accompanying  the 
flower,  but  not  yet  arrived  at  maturity.  The  flylc 
is  the  part  which  ferves  to  elevate  the  ftigma  from 
the  germen.  The  ftigma  is  the  fummit  of  the  pif- 
tillum, and  is  covered  with  a  moifture  for  the 
breaking  of  the  pollen. 

The  pericarpium  or  feed-veflel  is  the  germen 
grown  to  maturity.  Such  are  the  conftituent  parts 
of  the  flower;  they  are  however  infinitely  varied, 
and  ferve  both  todiverfify  the  face  of  nature,  and 
to  intereft  and  delight  the  curiofity  of  man.  One 
'  curious  fa6t  it  is  neceflTary  to  notice,  before  I  difmils 
fhis  branch  of  my  fubjeft,  and  that  is,  that  every 
flower  is  perfectly  formed  many  months  before  it 
makes  its  appearance.  Thus  the  flowers  which 
appear  in  this  year  are  not  properly  the  produc- 
tions of  this  year :  the  mezereon  flowers  in  January, 
but  the  flowers  were  completely  formed  in  the  bu4 
in  the  preceding  autumn.  If  the  coats  of  the  tUT 
Jip-rootalfo  are  carefully  feparated  about  the  be- 
^  ginning  of  September,  the  nafcent  flower,  which  is 
to  appear  in  the  following  Ipring,  will  be  found  in  a 
^mall  celJ^  forn[>ed  bjr  the  innermoft  coats,  as  reprc- 

fented 
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ftnted  in  plate  I.  fig.  5.  where  the  young  flower 
appears  towards  the  bottom  of  the  root. 

V.  The  fruit  confifts  of  nearly  the  fame  parts  as 
are  found  in  the  ftem  5  of  a  (kin  or  cuticle,  which 
is  a  production  or  continuation  of  the  (kin  of  the 
bark;  of  an  outer  parenchyma,  which  is  the  (amc 
fubftance  continued  from  the  bark,  only  that  its 
veficles  are  larger  and  more  fucculent  or  juicy. 
Next  the  core  there  is  commonly  an  inner  pulp  or 
parenchym.a  j  and  the  core  is  no  more  than  a  hard 
woody  membrane,  which  inclofes  the  feed.  .  It  is 
to  be  obferved,  however,  that  the  organization  of 
fruit  is  very  varipus;  in  fome  the  feeds  are  difperfed 
through  the  parenchymatous  or  pulpy  fubftance; 
in  fome,  inftead  of  a  core,  we  find  a  ftrong  %voody 
fubftance,  inclofing  the  feed  or  kernel,  which  from 
its  great  hardnefs  is  termed  the  ftpnc;'in  fome> 
there  are  a  number  of  feeds ;  and  in  others,  only  a 
fingle  feed,  inclofed  in  a  large  mafs  of  parenchyma- 
tous matter. 

VI.  The  feed  is  a  deciduous  part  of  a  vegetable, 
containing  the  rudiment  of  a  new  one.  The  ef- 
fence  of  the  feed  confifts  in  the  corculum  or  little 
heart,  which  is  fattened  to  the  cotyledones  or  lobes, 
and  involved  in  them,  and  clofely  covered  by  its 
proper  tunic.  The  corculum  confifts  in  the  plu- 
Uiula,  which  is  the  vital  (peck  of  the  fijture  plant, 
extremely  fmall  in  its  dimenlions,  but  increafing 
like  a  bud  to  infinity.  The  roftellum,  however, 
muft  be  included,  which  is  the  bale  of  the  plumula  1 
it  dcfcends  and  ftrikes  root,  and  is  the  part  of  the 

I  feed  originally  contiguous  to  the  mother  plant.     It 

js  commonly  fuppofed,   and  with   fome  reafon,^ 

.     ^  '  that 
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that  the  pcrfeft  plant,  or  arleaft  all  the  organiza- 
tion which  is  rcquifitc  to  a  perfeft  plant,  ejJifts  ia 
the  feed,  furrcunded  by  a  quantity  of  farinaceous 
inatter,  which  lerves  to  abforb  moifture,  and  to 
^rnilh  nourilhnient  to  the  corcuhinr  till  its  parts 
are  fufficicntly  unfolded  to  draw  fupport  from  the 
foil.  A  kidney-bean  or  lupine,  when  it  has  been 
foaked  for  fome  time  in  water,  and  begun  to  fwell, 
is  cafily  fcparated  into  its  two  lobe5 ;  and  betweea 
jthefe  is  difplayed  the  nafcent  plant.  The  naked 
eye  can  cafily  difcern  the  ftenr),  and  its  connexion 
with  the  lobes.  Through  the  lobes  are  diffuftd. in- 
numerable veflcis,  which  immediately  communicate 
with  the  embryo  plant.  On  the  external  furface  of 
die  feed  are  abforbent  veffcls,  which  attraft  the 
moiiliire  j  by  this  moifture  a  degree  of  fermenta- 
tion is  produced,  and  thus  a  juice  is  prepared  by  a 
natural  procefe  in  every  re(pt&  proper  for  the 
^lourifliment  of  the  plant  in  its  firft  efforts  to  ex- 
tend its  tender  frame.  The  plant  in  its  infancy  is 
almoft  a  gelatinous  fubftance,  and  increafes  and  in- 
durates by  degrees ;  and  I  believe  in  general  the 
hardnefs  of  wood  bears  a  pretty  exaft  proportion  to 
the  (lowjaefs  with  which  a  plant  increafes.  That 
^art  of  the  ftem  which  is  next  the  root  is  the  firil: 
which  affumes  the  woody  texture. 

M.  Bonnet,  in  order  to  afcertain  how  far  the 
lobes  of  the  feed  were  neceflary  to  the  growth 
fmd  health  of  the  corculum,  detached  them  with 
great  dexterity  without  a  vital  injury  to  the  infant 
plant.  Some  French-beans  treated  in  this  manner, 
and  fowed  in  g  light  foil,  grew,  but  the  confequence 
Ifas,  that  not  only  th.e   firft  leaves   were  much 

iinaller^ 
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fmallcr,  but  the  plants  were  uniformly  weaker  in 
every  part  of  their  growth  than  others,  which  for 
the  fake  of  comparifon  were  fown  at  the  fame  time 
without  being  mutilated.  The  ,feeds  which  were 
deprived  of  the  lobes  put  forth  fewer  bloflbms,  and 
produced  lefs  feed.  The  feeds  of  moflcs  are  natu- 
rally devoid  of  lobes.  The  firft  leaves  which 
make  their  appearance,  and  which  are  called  fcmi- 
nal,  appear  not  lefs  neceffary  to  the  perfedibn  of 
the  plant  than  the  farinaccoustlobes.  If  they.  hap-, 
pen  to  be  broken  off,  the  plant  experic:njces  a  pro- 
portional lofs  of  vigour.  .     '    ^ 

It  is  matter  of  cu/ious  obfervadon,  that  feed, 
thrown  into  the  ground  at  random^  fhojjld  always 
come  up  in  the  proper  dirctkion.  M.  Dodarthas' 
offered  an  ingenious  explanation  of  this  faft,  which 
confifts  in  fuppofing  that  the  roftellum  cbntraSs  by 
humidity,  and  that  the  pjumula  on  the  contrary 
contracts  by  drynefs.  According  to  this  idea,  when 
a  feed  is  put  into  the  ground  the  wrong  way,  the 
roftellum,  which  then  points  upwards,  contrafts  it- 
felf  towards  the  part  where  there  is  moft  humidity, 
and  therefore  turns  downwards.  The  plumula  on 
the  contrary  pointing  downwards,  turns  itfelf  to- 
wards the  part  of  the  foil  which  is  dried,  and  there- 
fore rifcs  towards  the  furface.  This  explanation, 
however,  evidently  reils  on  no  better  bafis  than 
conjedure. 

Independent  of  the  feed,  there  are  two  other  me* 
thods  by  which  plants  are  propagated,  by  flips  and 
luckers ;  and  many  plants  naturally  make  an  effort 
to  propagate  themfclves  in  this  manner.  The  bul- 
bous-rooted plants  in  general  incrcafc  by  off-fets. 

When 
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When  a  tulip  is  firft  planted  in  the  fpring,  the  ftem 
iffues  from  the  middle  of  the  bulbous  root ;  but 
when  the  tulip  is  taken  up  in  the  autumn,  the  ftem 
no  longer  proceeds  from  the  middle  of  the  root, 
but  feems  attached  to  one  fide.  The  faft  is,  that 
the  root  which  is  taken  up  is  not  the  fame  that  was 
planted,.  The  original  root  has  decayed  by  having 
its  fubftarice  abforbed  for  the  nourifliment  of  the 
bloflbm,  and  a  new  root  has  been  provided  for  the 
future  year. 
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FLUIDS  OF  VEGETABLES. 


The  Succus  Communis  or  Saf.-^F'eJels  for  the  Ctradation  of  ti^ 
Sap.-^Zuccut  Proprius ;  its  VeJJils  and  Courfc—Somut^s  Exp^ 
riments  on  the  Nourijbment  of  Plants.^^Dr,  Holes* s  Experiments 
§n  Fruit  Trees*^^Bonnet^s  on  Flowers,  tsfc. 


TH  E  fluids  or  juices  of  vegetables,  fays  Dr, 
Bell,  are  of  two  kinds.  *  The  one  is  of  the 
fame  nature  in  all  the  variety  of  vegetables :  die 
other  varies  according  to  the  difitrcnt  plants  in 
which  it  exifts.  The  former,  which  is  called  the 
Juccus  communis^  when  coUefted  early  in  the  fpring, 
from  an  incifion  made  in  the  birch  or  vine,  differs 
little  from  common  water  *.  The  latter,  which  is 
named  xht  Juccus  proprius ^  poflcfles  various  proper- 
ties in  various  plants,  and  gives  to  each  its  Icnfiblc 
qualities,  Thefe  two  juitfes  never  mingle  with  each 
Qther  in  the  tree,  and  the  latter  is  found  in  the  vafa 
propria  only. 

«  It  has,  hovfcver,  been  alledged  to  contain  a  faccharinc 
matter  in  fome  trees,  as  in  the  maple,  &c.  It  has  likewife  been 
fappoCed  to  contain  an  acid.  But,  in  various  expcrimenta 
which  ^r.  Bell  made  oa  it,  he  found  nothing  in  it  of  either 
kind;  and  therefore,  where  fuch  appearances  have  taken  place. 
be  (uppofed  them  to  arife  from  an  adventitious  mixture  of  the 
fap,  axjd  i^fuccusfrofriut. 

'It 
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*  It  is  not  yet  afcert^ined,  whether  the  juices  of 
plants  are  tranfmitted  through  vcflcls,  or  ccUulaf 
fubftance.  EachJide  of  the  queftion  has  had  its 
advocates^  who  have  fuppported  their  relpeftive 
opinions  with  probable  arguments:  but  it  is  to 
be  regretted,  that,  on  fo  interefting  a  fubjed,  n6 
conclulion  can  be  formed  from  the  adual  diflec- 
tion  of  vegetables.  It  however  fcem»  molt  pro* 
bable,  that  all  the  fluids  of  plants  are  tranfmit- 
ted through  veflels,  for  the  following  reafons. 
I.  The  exiftence  of  vaja  propria,  and  Vi^a  aeria, 
is  difcoverable  by  the  naked  eye,  and  made  ftiU 
more  manifeft  by  the  microfcopc.  That  fuccus 
prpprius  and  air  are  contained  in  thefe  is  evident, 
and  therefore  analogy  leads  us  to  believe^  that  the 
Juccus  communis  is  alfo  contained  in  vefiels.  2. 
Secretion,  of  which  vegetables  have  undoubtedly 
the  power,  ii  in  n6  inftance,  that  we  know  o^  per* 
formed  without  the  aftion  of  veflTcls.  3.  An  ex- 
periment, made  by  Dr.  Hales,  fcems  clearly  to 
prove,  that  the  fap  is  contained  within  its  own 
yeflcls,  and  does  not  fortuitoufly  pervade  every 
interftice  of  the  plant.  He  fixed  an  inftrumcnt 
round  the  fl:em  of  a  vine,  by  which  its  contraftions 
and  expanfions  could  be  accurately  meafured ;  but 
he  found  no  difference  in  the  circumference  of  the  • 
trunk,  when  the  tree  was  full  of  fap,  and  when  it 
was  entirely  without  It,  although  the  inftrument 
employed  was  fo  nice,  as  to  deted  a  variation  of 
the  hundredth  part  of  a  finger's  breadth.  If  the 
fap  had  been  tranfmitted,  without  veflels,  througli 
the  cellular  fubftance^  this^  on  the  withdrawbg 

of 
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of  the  fap,  would  have  been  compreflcd^  and  of 
courfc  the  ftem  of  the  tree  would  have  con- 
trafted  itfelf  into  a  fmaller  compafs  •. 

*  Bocanifts  have  made  many  experiments  taafccr- 
tain  the  courfeof  the  fap.  Early  in  the  Ipring* 
when  the  fap  begins  to  flow,  incifions  have  been 
made  in  the  trunk  and  branches  of  trees,  as  far  as 
the  pith;  and,  in  fuch  cafes,  it  has  been  con- 
ftandy  found,  that  a  larger  quantity  of  fap  flowed 
from  the  fuperior,  than  from  the  inferior  mar- 
gin of  the  incifion.  This  circumftance  led  to  the 
opinion,  that  in  the  beginning  of  the  ipring,  great 
quantities  of  moifture  are  abforbed  by  trees  from 
the  atmolpherc,  and  hence  the  fource  of  the  abund- 
ance of  fap  t-  But  this  conclufion  is  found  to  dif- 
agree  with  the  phenomena  of  nature,  from  the  two 
following  experinients. 

*  I .  Incifions  of  various  heights  being  made  in  the 
ftem  of  feveral  plants,  their  roots  were  immerfcd 
in  a  decoftion  of  lojj-wood.  The  roots  abforbed 
the  coloured  liquor,  which  at  length  began  to  flow 
from  the  fuperior,  and  not  from  the  inferior,  mar- 
gins of  the  incifions  i  nor  had  the  liquor  extended 

^  To  determine  this  qaeftion  abfolutely,  it  may  feem>  that 
the  mod  certain  and  obvious  method  would  be  by  injedionsj 
the  great  fource  of  our  knowledge  of  the  anatomy  of  animals^ 
They  have  been  cinployed  by  Bonnet,  Dr.  Hope,  and  others, 
but  they  have  failed.  They  rife  a  confiderable  way  into  plants/ 
Imt  aa»  in  different  cafes,  they  uke  different  courfes,  from  this 
9nd  other  circumflances  there  is  reafon  to  believe,  that  their 
courfe,  and  that  of  the  fap,  are  materially  different  from  each 
ether. 

t  Dtt  Hamel  and  others,— See  f  hyf,  des  Arbres,  Tom.  I. 
p.  67. 

itfelf 
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extended  itfelf  much  upwards,  beyond  themargia 
of  the  indfion  from  which  it  was  difcharged. 

*  2.*  In  the  feafon  when  the  fap  flows  moil  abun- 
dantly, called  the  bleeding  feafon,  a  deep  cut  waa 
made  into  the  branch  of  a  growing  vine,  and  the 
greateft  quantity  of  fap  was  difcharged  from  the 
upper  margin  of  the  incifion :  but  a  branch  of 
the  fame  tree,  cut  in  the  iame  manner,  being  in- 
verted, the  fap  flowed  moft  copioufly  from  the 
other  margin  of  the  incifion,  which  of  courfc  was 
now  that  next  the  root.  On  the  other  hand, 
many  experime'^ts  may  be  brought  to  prove  di- 
rcftly,  that,  in  the  bleeding  feafon,  the  fap  afcenda 
from  the  roots  towards  the  branches";  the  fol- 
lowing however  may  fufHce.  !•  Early  in  the 
fpring,  wh?n  little  or  no  fap  had  as  yet  entered 
the  plant,  Dr.  Hope  niade  a  number  of  irtcifions* 
of  different  altitudes,,  into  the  root  and  ftem  of  a 
birch.  As  the  fap  rofe,  it  firft  flowed  from  the 
fupcrior  margin  of  the  loweft  incifion,  and  then, 
m  regular  fucccflion,  from  the  upper  margins  of 
the  other  incifions,  till  at  laft  it  reached  the  highefV* 
2.  If,  in  the  beginning  of-  the  bleeding  feafon, 
before  the  fap  is  found  in  the  ftem  or  branches, 
an  incifion  is  made  in  the  root  of  a  vine,  a  con- 
fiderable  flow  of  fap  will  follow  the  wound.  3.  The 
quantity  of  fap  is  very  generally  proportioned  to  the 
humidity  of  the  foil  *• 

i 

*  When 

♦  It  may  ftill  be  alkcd.  Why  the  fap  flows  moft  from  the  fa- 
perior  margin  of  each  incifion,  fuppofing  it  to  arife  from  the 
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*  When  a  portion  of  the  bark  and  wood  of  the 
pine  is  cut  £rom  the  ftem,  the  Jkccus  proprius  flows 
in  conHderable  quantity  both  from  the  upper  and 
under  margin  of  the  incifion.  Hence  it  occurred 
to  botanids,  that  this  juice  might  have  little  or  no 
motion,  and  that  its  efflux  from  fuch  an  orifice 
might  depend  entirely  on  its  being  freed  from  the 
prcffure  of  the  bark  and  wood.  But  I  cannot 
accede  to  this  opinion :  for  although,  in  the  be- 
ginning, t\i^  fuccus  prcprius  fk)ws  from  both  mar- 
gins of  the  incifion,  in  a  little  while,  as  I  have  ob- 
ferved,  it  is  difcharged  from  the  fuperior  margin 
only.  This  obfcrvation  in  itftlf  is  not  however 
decifive.  For  it  nfiay  be  fuppofcd,  that  the  li- 
quor flows  more  copioufly  from  the  fuperior  mar- 
gin, becaufe  the  prefTure  of  the  air  is  lefs  upon 
it,  than  on  the  inferior,  and  becaufe  (he  liquor  it- 
fclf  is  di^ofed  to  fall  downwards  by  its  gravity^ 
in  the  fame  manner  as  the  Juccus  communis.  That 
I  might  put  this  matter  out  of  doubt,  I  placed 
the  branch  of  a  pine  in  a  horizontal  pofition,  and 
another  branch  I  inverted,  fb  that  its  branches 
were  turned  towards  the  earth.  In  thefe  fituations, 
I  cut  a  portion  of  the  bark  and  wood  from  each, 

roots  ?  The  incifion,  it  is  fatd,  hurts  or  deftroys  the  energy  of 
the  fap-veflMs  for  a  confiderable  way  belDW»  whence  the  iap  is 
not  propelled  upwards,  againft  its  own  weight,  and  the  preflore 
of  the  atinofphere  now  admitted.  From  the  divided  vefle]s» 
it  pafTes  by* a  lateral  communication  (for  there  are  fap-veflels 
m  every  dtredlion)  into  thofc  undivided,  and  whjcn  it  hat  got 
above  the  incifion,  it  again  paiTes  laterally  into  th«  divided 
vefiels ;  and  falling  downwards,  from  iu  own  gravity,  a  want 
of  continuity  of  veli'els,  and  the  diminilhed  prefliire  of  the.  at- 
mofphcre,  it  flows  from  the  fuperior  margin  of  the  inciiion. 

and^ 
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and>  in  both  inftances^  the  Jiccus  proprius  itowcd 
only  from  thofc  margins  of  the  incifions  which 
were  fartheft  from  th^  roots*  Hence  it  appears 
clearly,  that  the  courie  of  this  juice,  in  its  ve^s,  is 
never  from  the  roots  towards  the  branches^  but 
always  in  the  contrary  dircdtion  *.' 

M.  Bonnet  conceives  that  the  nutrimenral  juices 
of  vegetables  pafs  during  the  day-time  from  the 
roots  to  the  trunk  by  the  ligneous  fibres,  afliftec! 
by  the  air-veffels,  and  are  principally  carried  to  the 
furface  of  the  leaves,  where  a  copious  perlpiradoh 
takes  place.  At  the  approach  of  night  the  heat 
no  longer  afting  on  the  leaves  and  the  air  contained 
in  the  air*veflels>  the  iap  returns  towards  the  roots  % 
at  the  fame  time  that  the  humidity  condensed  on 
the  inferior  furfaccs  of  the  leaves,  which  by  theif 
inequalities  ^re  beft  fitted  to  retain  it,  is  abforbed 
and  conveyed  through  the  branches  to  the  trunk* 
In  this  manner  he  is  of  opinion  that  vegetables  artf 
nourifhed  in  the  day-time  by  their  roots>  and  in 
the  night  by  their  leaves. 

The  fame  philofopher  wiflied  to  difcovcr  whe- 
.  ther  plants  nouriihed  by  their  leaves  would  live  as 
long,  and  thrive  as  well,  as  others  notirilhed  by  their 
roots»  He  plunged  in  fmall  veflels,  filled  with  wa* 
cer,  plants  of  mercury,  immerfing  the  leaves  of  fbme 
and  the  roots  of  others*  He  left  to  eacih  plant  one 
or  two  fprigs,  which  vrert  kept  out  of  the  water> 

*  From  the  experiment  above  reeked,  it  appears^  that  t}» 
flow  of  the  proper  juice  is  not  inilaenced  in  the  fame  degree. 
as  that  of  the  fap,  by  an  alteration  in  the  pofhire  of  the  veilelt 
from  which  it  ifiocs*  To  what  caufe  this  is  owing,  does  qot 
€lcarly  appear,  , 
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nd  which  were  only  nouriflied  by  the  part  of  the 
l^t  wl^ch  was  immcrfed  He  rendercd  all  thefc 
fprigs  as  equal  and  as  much  alike  as  poffible.  He 
left  the  plants  in  this  fituadon  for  five  or  fix  weeks^ 
ac  the,  cp^.. of  which  time  he  could  obferve  no  dif- 
ference between  the  fprigs  uniformly  nourifticd  by 
t^ic  leaves,  and  thofc  nouriflied  by  the  roots.  He 
only  o-em^rked  that  the  leaves  plunged  in  water 
feemedto  fufFer  a  litde  more  from  the  aftion  of 
that  ^utd  than  the  roots.  M.  Bonnet  alfo  buried 
t^ic  top  of  a  wiliow-trce,  leaving  the  roots  above 
.  ground,  .  The  roots,  being  prevented  from  drying 
by  a  covermg  which  did  nst  entirely  exclude  theair, 
put  fprth  leaves  mixed  with  roots  >  the  top,  which 
lyas  buried  in  the  ground,  produced  roots,  and  the 
plant  eoiftinued  to  live. 

Dr.  Hales,  in  his  ftatical  experiments,  mentions 
fcverjil,  in  which  he  tried  to  change  the  natural  fla- 
vjour  of  fruits,  and  to  communicate  thofc  of  fcvcral 
fpirituous  liquors,  and  of  different  odoriferous  infu- 
fions.  With  this  intention  he  plunged  in  difierent 
liquors  branches  loaded  with  fruit  j  and  left  theni 
thcr^  for  fome  time,  without  being  able  to  perceive 
tkai:  the  tafl:e  of  the  fruits  was  in  the  leafi  altered, 
whether  the  experiment  was  made  upon  them  ripe 
or  unripe.  But  he  almoft  always^  perceived  the 
fmell  of  the  liquors  or  infiifions  in  the  flalks  of  the 
leaves,  and  in  the  wood.  He  conjeftures,  with 
much  probability,  that  the  vefTels  near  the  fruit 
become  fo  fine  as  not  to  admit  the  odoriferous  ^ar-^ 
tides. 

*  M.  Bonnet  made  experiments  on  flowers  fimi- 
lar  to  thofe  which  Dr.  Hales  made  on  fruits.    He 
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chofe  flich  flowers  as  have  naturally  little  perfume, 
as  the  different  fpecies  of  French-beans.  Stems 
with  thefe  flowers  were  immerfed  in  tubes,  iomt  of 
which  were  filled  with  fpirits  of  wine,  others  witlj 
Hungary-water,  &c.  In  about  twenty-four  hours 
the  (iowers  were  faded,  and  they  had  already  acquired 
in  a  very  fcnfidle  degree  the  odours  of  the  liquors 
which  they  had  imbibed.  The  odour  became  much 
more  remarkable  a  few  days  afterwards.  M. 
Bonnet  alfo  found  that  the  leaves  of  the  apricot- 
tree  acquired  a  fenfiWe  odour  from  the  liquors  mtQ 
"which  branches  of  that  tree  were  plunged- 
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FUNCTIONS    OF   VEGETABLES. 


fifjpiration  of  Plant s.^^Circulation  of  the  Fluids  in  Plants.^^^ 
'  Propirty  in  Plants  of  emtting  ntUai  Air ;  of  decompftfing  Wa- 
:ir^'^^Zenfibility  to  the  Sun^s  Light, ^•Cnufe  of  the  Gretm  CoUar 
ofVeg€tahUs,^~'Bonnet*s  Experiments  on  Vegetable Perfpiraiivn.'^^ 
Sexual  Syftem. — Growth  and  Nutriment  of  Vegetahles^^^ia^ 
nures.^^Principles  of  Agriculture. 


TH  E  leaves  of  plants  have  been  not  impro^ 
perly  compared  with  the  lungs  of  animals. 
^  Plants  as  well  as  animals/  fays  an  author  whom 
I  have  already  quoted  with  approbation^  *  peripire, 
and  in  both  cales  this  function  is  eflential  to 
health.  By  the  experiments  of  Dr.  Hales  *,  and 
M.  Guettard  f,  it  appears,  that  the  perfpirabic 
matter  of  vegetables  differs  in  no  refpeft  from 
^  pure  water,  excepting  that  it  becomes  rather 
fooner  putrid.  The  quantity  perfpired  varies,  ac- 
f  ording  to  the  extent  of  the  furfacc  from  which 
it  is  emitted,  the  temperature  of  the  air,  the  time 
of  (he  day,  and  the  humidity  of  the  atmofphere. 
As  the  leaves  form  the  greateft  part  of  the  fur- 
fac€>  ic  19  natural  to  fuppofe,  that  the  quantity  of 

f  Statical  EiTays,  vol.  i.  p.  49. 
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thefe  will  very  materially  afl^A  the  quantity  of  the 
peripiration.  Accordingly,  the  experiments  of  Dr. 
Hales  have  afcertained>  that  the  perfpiration  of 
vegetables  is  increafed  or  diminiihed,  chiefly,  in 
proportion  to  the  increafe  or  dimiifiution  of  their 
foliage  *•  The  degree  of  heat  in  which  the  plant 
was  kept,  according  to  the  fame  author,  varied  the 
quantity  of  matter  peripired;  this  being  greater, 
in  proportion  to  the  greater  heat  of  the  furround- 
ing  atmofphcre.  The  degree  of  light  has  like- 
wife  confklerable  influence  in  this  refpeA:  for  Mr. 
Philip  Miller's  experiments  prove,  that  plants  uni- 
formly perfpire  moft  in  the  forenoon,  though  the 
temperature  of  the  air,  in  which  diey  are  placed^ 
Ihould  be  unvaried.  M«  Guettard  likewiie  informs 
us,  that  a  plant,  expofkl  to  the  rays  of  the  iun» 
has  iu  perfpiration  increafed  to  a  much  greater 
degree,  dian  if  it  had  been  expofed  to  the  fame 
heat,  under  the  fliade.  Finally,  the  perfpiration 
of  vegetables  is  increafed  in  pro^rtion  as  the  at^^ 
roofphere  is  dry,  or  in  odier  words,  diminifhed  in 
proportion  as  the  atmofphere  is  humid/ 

Dr.  Hales  found  that  a  fun-flower,  weighing 
three  pounds,  perfpired  twenty -two  ounces  during 
twenty- four  hours.  Dr.  Keil  perfpired  thirty-one 
ounces  in  twenty  four  hours.  The  quantity  there- 
fore perfpired  by  the  fun-flower  was  much  greater, 
in  proportion  to  its  weight,  than  that  perfp'u-ed  from 
the  human  body.  Dr.  Keil  ate  and  drank  four 
pounds  ten  ounces  in  twenty-four  hours.     Seven- 
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teen  times  more  nourifliment  was  taken  in  by  the 
root  of  the  fun-flower^  than  was  taken  in  by  the  man. 
If  the  perfpiration  of  vegetables  is  checked,  they 
Ipeedily  fade.  It  is  checked  from  glutinous  fub* 
ihuices  adhering  tc^  their  fuffiice ;  hence  the  ad- 
vantage of  wafhing  them.  The  more  healthy  and 
"Vigorous  the  |4anc,  the  more  copious  the  perfpira- 
tion; though  an  excefs,  as  well  as  adeie6t  of  it,  feems 
prejudicial  and  even  deftru6tive  to  vegetables.  It 
bears  alfo  a  proportion  to  the  quantity  of  leaves^ 
thefe  being  the  principal  organs  of  peiipiration. 

The  odoriferous  exhalation  of  leaves  and  flowers 
forms  an  atmofphere  around  vegetables,  which 
flrikes  our  fenfes,  and  which  the  contadt  of  a  body 
on  fire  is  ibmedmcs  capable  .of  inflaming,  as  has 
been  obfcrved  with  regard  to  the  fi-axinella. 

*  Some  botanifls,'  obicrves  Dr.  Bell,  *  have  con* 
ceived!>  that  plants,  as  well  as  animals,  have  a  re* 
'  gular  circulation  of  their  fluids.  Others  think  this 
very  improbable.  On  both  fides,  recourfe  •  has 
been-  had  to  experiments ;  and  from  dicie,  con- 
clufions  perfectly  oppofite  have  been  deduced. 
When  a  ligature  has  been  fixed  round  a  tree,  in 
fuch  a  manner  that  no  juice  could  be  tranfmitted 
dirough  the  bark,  the  tree  has  been  found  to 
thicken  above  the  ligature ;  but  below  it,  to  con^ 
tinuc  of  the  fame  circumference.  Hence  fomc 
have  concluded,  that  the  lap  afcends  through  the 
wood,  and  defcends  through  the  bark.  Thofc  xvho 
are  of  a  contrary  opinion  have  found,  that,  in  cer-- 
tain  cafes,  the  juice  afcends  through  the  bark  only : 
fof  when  a  portion  of  the  wood  has  been  cut  out, 
fnd  the  bark  cxaftly  replaced,  the  growth  of  the 

tree 
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tree  has  been  found  to  go  on  unchanged :  hence  it 
is  faid,  that, the  juice  is  rranfmitted  equaUy  through 
all  parts  of  vegetables.  The  experiments  ad- 
duced on  each  fide  of  die  queftion  are  juft>  but 
the  reaibnings  on  thefe^  by  each  party,  feem  equally 
inconclufive.  The  anal^;y  of  animal  nature  ap- 
pears to  favour  the  opinion,  that  the  juice  rifes 
through  the  wood  only,  and  defcends  only  throu^ 
the  bark;  but  this  analogy  is  not  complete  through- 
out. The  arteries  are  not  placed  in  the  internal 
parts  alone,  nor  the  veins  in  the  external,  but  they 
accompany  each  other  through  tvtvY  V^^  ^^  *^^ 
diftribution.  In  vegetables,  the  lap  rifes  Jrom  the 
roots,  but  the  proper  juice  defcends  towards  them  5 
in  the  defcent  of  the  juice,  the  wood  acquires  its 
growth,  and  abforption  is  a  conftant  adion  of  the 
leaves.  Thefe  obfervations  render  it  probable, 
that  there  is  a  circulation  of  the  juices ;  and  if  there 
is,  the  veffels  which  perform  it,  we  .may  reafbn- 
ably  believe,  accompany  each  other  through  every 
part  of  their  courfe.' 

By  what  force  the  juices  of  plants  are  propelled 
in  their  circulation,  remains  yet  one  of  the  fecrets 
of  nature.  It  has  been  attributed  to  capillary  at- 
traAion,  but  this  cauie  feems  inadequate  to  the 
efiedb ;  nor  is  it  poflible  on  that  principle  to  explain 
why  the  fap  of  the  vine  flows  from  an  incifion  made 
in  the  fpring,  and  not  from  one  made  in  the  fummer. 
The  capillary  attraction  ought  not  to  be  left  power- 
ful in  the  latter  than  in  the  former  feafon ;  indeed  it 
ought  to  be  more  fo,  as  the  heat  is  greater.  Befides^ 
i:apillary  tubes  do  not  difchargd  their  contents, 
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wlien  broken  acrois ;  but  from  the  ftem  of  si  jdaac 
cut  tranfverfely,  a  large  quantity  of  flukl  is  dif- 
diarged*  The  more  probable  opinion  is,  that  plants 
are  endued  with  fomething  of  a  vital  power  or 
energy,  which  impels  the  juices  through  the  whole 
vafcular  fyftem  \  and  this  opinion  is  ftrei^tbened 
ty  an  obfervadon  of  Dr.  Bell^  which  was  the  refult 
rf  experiment,  namely,  that  there  are  particular 
.iiibftances  which  increafe  the  growth  of  planes,  by 
»fiing  as  ftimolants  on  their  fibres. 

The  experiments  of  Dr^  Prieftley  have  fufficientiy 
Ihewn  that  vegetables  have  the  power  of  corre&ing 
bad  air;  and  Dr.  Ingenhouz  has  proved  that  they 
have  tbe  faculty  of  producing  vital  air  only  when 
afted  on  by  the  rays  of  light*  If  a  vegetabk  is  im* 
meried  in  water>  and  the  rayd  of  die  fun  diFC&ed 
on  it,  air- bubbles  will  beobferved  to  coUefkonthe 
leaves,  aud  at  length  rife  to  the  furface  of  tbe  wa* 
tcr«.  Tlus  appearance  is  moft  remarkable  in  the  * 
morning,  as  the  leaves  have  not  then  been  pre- 
▼ioufly  exhaufted  by  the  aftion  of  light*  Viul  air 
of  a  great  degree  of  purity  may  be  obtained  in  the 
liimmer  time,  by  inverting  a  jar  filled  with  water  in 
liich  a  manner  as  to  receive  the  air*bubbles  as  they 
arife*  AU  plants,  however,  do  not  emit  this  air 
with  the  fame  facility ;  there  are  fome  which  emit 
it  the  moment  the  rays  of  the  fun  a£b  upon  them, 
and  this  is  the  cafe  with  lavender.  Some  aquat^ 
plants  afibrd  vital  air  with  great  facility,  fome  more 
Oowly,  but  none  later  than  in  ei^tor  ten  minutes, 
provided  the  fun's  light  is  ftrong.  The  air  is  almoft 
entirely  furnifhed  by  the  inferior  furface  of  the 
Reaves  of  trees  s  herbaceous  plants  afford  it  icom 
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idm<^  the  whole  of  their  furface.  The  leaves  afford 
more  air  when  attached  to  the  plant,  than  wheQ 
gathered,  and  the  quantity  is  greater,  the  freflid* 
and  founder  they  are.  Young  leaves  afford  but  a 
fmall  quantity  of  vit^l  air;  thole  which  are  full  / 
grown  aflFord  more,  and  the  more  the  greener  they 
are.  The  epidermis,  the  bark,  and  petals  do  not 
afford  it,  and  in  general  vital  air  proceeds  only 
from  thofe  parts  of  plants  which  are  of  a  green  co* 
lour.  Thus  green  corn  and  green  fruits  afibrd 
this  air,  but  it  is  not  produced  by  thole  which  art 
ripe ;.  and  flowers  in  general  render  die  air  noxious. 
Thefe  iz&%  may  tend  to  explain  the  manner  in 
which  the  light  of  the  fun  operates  in  maturing  fruits^ 
viz.  by  expelling  the  fuperfluous  oxygen,  and  thus 
changing  them  from  a  harfh  and  four,  into  a  mild, 
and  fweet  fubftance.  Aquadc  plants,  and  fuch  as 
grow  in  moift  places,  are  remarkable  not  only  for 
affording  a  large  quantity  of  vital  air,  but  alio  for 
abforbing  inflammable  gas,  and  are  therefore  in  all 
refpefts  calculated  for  purifying  the  airof  marfhy 
fuuations.  A  very  extraordinary  power  of  abfbrb* 
ing  inflammable  air  was  oblcrved  in  the  willow  by 
Dr.  Prieftiey ;  and  this  fadb  feems  connedted  widi 
the  rapid  growth  of  that  plant  in  nrutrfhy  fituations, 
where  much  inflammable  air  is  produced.  M. 
Sennabier  found  that  plants  yield muchmore  vital  air 
in  diflilled  water  impregnated  with  fixed  air,  than  in " 
0mple  diftilled  water. 

It  appears  further,  from  the  experiments  of  Dr. 

Prieftiey,  that  plants  will  bear  a  greater  proportion 

of  inflammable  than  of  fixed  air,  and  that  vital  air 

appeared  generally  injurious  to  planu.    A  ^rig  of 

5.  mint 
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jzimc  growing  in  water,  placed  ovtr  a  ferm^Ating 
£quor>  and  of  courfe  expofqd  to  fi^^d  9^,  became 
quite  dead  in  one  day ;  a  red  rpfe  became  of  a  purple 
colour  in  twenty-four  hours. .  Plants  die  very  Iboa 
•both  in  nitrous  s^ir,  and  in  conimpn  air  when  latu- 
iated.wuh  it.  Air  appears  uniformly  to  have  been 
purified  by  healthy  plants  vegetating  in  it ;  but 
thcle  experiments  require  ^ieat  nicety>  as  the  leaft 
degree  of  putrefaction,  will  injure  the  air.*  The  air 
coolained  in  the  bladders  of  mar>ne  plants  was  found 
coniiderably  purer  than  conocpoa  air. 

Atmofpheric  air  is  re(\:ored>  after  being  ir^ured 
by  refpiration  or  covnbuftion^  by  a  plant  vege- 
tatif^  in  it.  This  reftoration  of  air  depends  upon 
the  vegetating  ftate  of  the  p^nt  >  for  a  number  of 
mint-leaves  frelk  gathered  being  kept  in  air  ia 
which  candles  had  burnt  outj  did  not  reftore  the 
air*  Any  plant  will  efTeCl  this  purpdfe,  but  thofe 
€f  the  quickeft  growth  in  the  moft  expeditious 
manner. 

Thar  plants  have  a  property  of  producing  pure 
air  from  water  is  evident  from  an  experiment  of 
Dr*  Pricftlcy's*  The  green  matter  which  is  to  be 
fibfcrved  in  water  is  doubtlefs  a  vegetable  produc- 
lipn.  Water  <:ontaining  this  green  matter  always 
a&rded  vital  air  in  a  laige  quantity^  but  water 
which  had  it  not  afforded  none.  It  ha$  been  fre* 
<]wntly  obferved  that  vegetables  do  not  thrive 
in.  the  dark.  A  receiver  was  therefore  filled  with 
water,  and  kept  till  it  was  in  a  ftate  of  giving  air 
ppioufly  ^  after  this  ii  was  removed  into  a  dark 
jKKm,  and  from  that  time  tfae^  prodiafikion  of  air 
|:ptircly  ceafcd.    When- placed  again  in  the  fun^  )6 

afforded 
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afforded  no  aif  till  about  ten  days  after,  when  it  had 
more  green  matter,  the  former  plants  being  pro- 
bably all  dead  ;  and  no  air  could  be  produced  till 
new  ones  were  formed. 

From  various  experiments  it  appeared,  that  diCr 
ferent  animal  and  vegetable  putrefcent  fubftances 
afforded  a  very  copious  pabulum  for  this  green  ve- 
getable nnatter,  which  produced  fo  freely  the  vital  * 
air ;  whence  the  philofophic  author  of  tliis  difcovery  - 
bled  to  the  foliowirig  conclufions:— *^^  It  is  impofli- 
bie,^  fays  he,  ^  not  to  obferve  from  thefe  experi- 
ments the  admirable  pro^ifion  in  nature,  to  prevent 
of  leffen  the  fatal  cfFefts  of  putrcfaftion,  efpccially  in 
hot  countries,  where  the  rays  of  the  fun  are  moft 
dlre6t,  and  the  heat  moftintenfe.  Animal  and  vegc-* 
table  fubftances,  by  fimply  putrefying,  would  necef- 
farily  taint  great  mafles  of  air,  and  render  it  unfit  for 
refpiration,  did  not  the  fame  fubftances,  putrefying  in 
water,  (upply  a  moft  abundant  pabulum  for  this  won- 
derful vegrtable  fubftance,  the  feeds  of  which  feem 
to  exift  throughout  the  atmofphere.  By  thefe  means, 
inftead  of  the  atmofphere  being  corrupted,  a  large 
quantity  of  the  pureft  air  is  continually  thrown  into 
it.  By  the  fame  means  alfo,  ftagnant  waters  are 
rendered  much  lefs  ofFenfive  and  unwholefome  than 
they  would  otherwife  be.  That  froth  which  we 
obferve  on  the  furface  of  fuch  waters,  and  wh^ch  \%  . 
apt  to  excite  difguft,- generally  confifts  of  the  pureft  ' 
vital  air,  fupplied  by  aquatic  plants.  When  the  fun 
Ihihes,  this  air  may  be  obfcrved  to  iffue  from  them. 
'  Even  when  animal  and  vegetable  fubftances  putrefy 
in  air,  as  they  have  generally  fome  moifture  in 
them,  various  other  vegetable  produftions,  in  the 

form 
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form  of  mold,  &c.  find  a  proper,  nutriment  in 
d^m,  and  by  converting  a  confiderable  part  of  the 
noxious  effluvia  into  their  own  fubfbuice,  arreft  it 
in  its  progrcfs  to  corrupt  the  atmofpherc/ 

The  fame  vegetables  which  afford  vital  air  verjr 
plentifully  in^lxe  light  of  the  fun,  afford  in  the  fhade 
air  lefs  pure  than  that  of  the  atmofphere.  This 
finking  effcft  of  light  on  vegetables  is  a  ftrong  ar- 
gument in  favour  of  thft  opinion^  that  the  motion 
of  the  juices  of  vegetables  is  performed  by  veffels. 
which,  like  thofe  of  animals,  poffefs  irritability,  and 
are  excited  to  adlion  by  ftimulating  fubftanccs. 

The  effect  of  vegetation  in  producing  the  vital 
8ur,  which  was  afforded  in  the  preceding  experi- 
ments, feemed  in  fome  meafure  dubious  to  Sir 
Beifamin  Thompfon,  who  extrafted  vical  air,  by 
immerfing  in  water  a  variety  of  fubftances,  as 
raw  filk,  cotton,  wool,  eider-down,  hare's  fur, 
fheep*s  wool,  ra veilings  of  linen,  and  human  hair- 
as  related  in  a  former  book.  He  was  kd,  from  the 
reftilt  ofthefc  trials,  to  fufpcft  that  the  pure  air  was 
merely  feparatcd  from  the  water,  and  that  any  fiib- 
flancc  which  wotild  aft  by  a  capillary  attrafbion^  (b 
as  to  fcparate  the  component  parts  of  the  water^ 
would  effcd  the  produftion  of  pure  ain  He  there- 
fore procured  a  quantity  of  fpun  glafs,  which  con-' 
fifts  of  minute  tubes,  which  he  immcrfed  in  water> 
but  the  quantity  of  pure  air  produced  was  very 
trifling.  Hence  he  concludes,  that  there  is  (bme- 
thing  in  thofe  fubftances  which  operates  in  pro- 
ducing pure  air,  and  that  it  is  not  merely  a  mecha« 
nicalicparation  of  the  component  parts  of  water. 

The. 
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The  liglit  of  lamps  prcxlucfcd  the  fame  cfftft  as 
the  fun's  light,  air  in  great  quantities  was  produced^ 
and  perfc<SUy  pure.  Vegetables  will  alfo,  with  any 
ftrong  light,  produce  vital  air  as  well  as  with  the  light 
of  the  fun.  The  air  from  filk  was  much  fuperior 
to  that  from  vegetables. 

Plants  have  a  remarkable  fenfibiiity  to  light; 
they  unfold  their  flowers  to  the  fun,  they  follow  his 
courfe  by  turning  on  their  ftems,  and  are  clofed  as 
foon  as  he  difappears.  Vegetables  placed  in  rooms 
where  they  rec<rive  light  only  in  one  diredion  always 
extend  themfclves  that  way.  If  they  receive  light 
in  two  di.e£lions,,they  drreft  their  courfe  towards 
the  ftrortgeft.  Trees  growing  in  thick  forefts, 
where  they  only  receive  light  from  above,  direft 
their  fhoots  almoft  invariably  upwards,  and  therefore 
become  much  taller  and  lels  fpreading  than  fuch  as 
(land  lingle.  This  afFeftioa  for  light  feems  to  ex« 
plain  the  upright  growth  of  vegetables,  a  curious 
phenomenon,  too  common  to  be  much  attended  to« 
It  has  been  afcertained  by  repeated  experiments^ 
that  the  green  colour  of  plants  is  entirely  owing  to 
light  i  for  plants  reared  in  the  dark  are  well  known 
to  be  perfcftly  white. 

If  we  take  a  fucculent  plant,  and  exprefs  its 
juice,  the  liquor  appears  at  firfl:  uniformly  green ; 
but  allow  it  to  ftan^jand  the  green  colour  feparates 
from  the  watery  fluid,  and  falls  to  the  bottom  in  a 
fediment.  If  we  colled  this  fediment  it  will  be 
found  to  be  of  an  oily  nature,  for  it  does  not  dif-* 
folve  in  water,  but  it  will  in  fpirits  of  wine,  or  oil, 
to  which  it  imparts  a  green  colour.  As  the  fun 
produces  the  green  colour  in  plants,  and  as  this  re- 

fides 
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fides  in  an  oily  matter,  it  was  formerly  concluded 
that  light  fumifhes  the  oily  matter  of  vegetables, 
and  that  it  effeds  this  by  fomifhiHg  the  principle  of 
inflammability.  The  new  chemical  doftrines,  how- 
crer,  afford  a  much  more  fatisfaftory  explanation 
of  the  effeft  of  the  fun's  rays  in  producing  the  oily 
matter  in  vegetables.  Vegetable  matter  confifts  in 
general  of  carbon,  hydrogen  and  oxygen  i  the  fun's. 
ays  produce  a  difengagement  of  the  latter  principle 
in  the  form  of  vital  air,  and  the  two  former  are  the 
conftituent  principles  of  oiL 

M.  Bonnet  made  a  feries  of  experiments  in  order 

to  afcertain  whether  the  fuperior  or  the  inferior  fur- 

feces  of  leaves  have  a  greater  (hare  in  performing 

pcrfpiration.     From  the  trials  which  he  made,  he 

concludes  that  the  inferior  furface  of  the  leaf  is  in 

general  by  far  the  moft  a6tive  in  this  refpeft,  though 

in  one  or  two  fpecies  of  vegetables  this  difference 

was  much  lefs  remarkable.     The  mallow  was  the 

only  vegetable  the  leaves  of  which  perfpired  more 

by  the  upper  than  the  inferior  furface*    The  method 

which  he  employed  to  afcertain  the  comparative 

cfFeft  of  the  two  furfaces  was  to  cover  firft  one 

and  then  the  other  furface  with  oil.     The  leaves 

were  then  immerfcd  in  tubes  filled  with  water,  and 

the  quantity  of  the  perfpired  matter  was  meafured 

by  the  lengdi  of  the  tube  emptied  in  a  given  timc^ 

The  oil,  by  flopping  up  the  pores,  prevented  per- 

fpiration  from  the  furface  to  which  it  was  applied. 

Some  large  leaves  of  the  white  mulberry-tree  beino* 

kept  fufpended  on  water  with  their  upper  furfaces 

in  contadt  with  the  fluid,  faded  in  five  days  j  feme 

leaves  of  the  fame  tree,  being  placed  m  a  fimilar 

fituation. 
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fituation,  but  with  the  inferior  furface  touching  the 
water,  were  preferved  green  for  nearly  fix  months. 

'The  fexual  fyftem  has  been  the  fafliionable  fyf- 
tem  of  botany  for  many  years.  It  is  well  known 
that  the  palm  is  of  that  clafs  of  vegetables  which 
has  flowers  of  difierent  fexes  on  different  trees.  The 
peafants  in  the  Levant,  whether  acquainted  with  this 
feft,  or  whether  direded  to  the  praftice  by  .accident 
alone,  have  been  accuftomed  to  break  branches 
from  the  male  palm  while  in  flower,  and  attach  them 
to  the  female  plant,  which  they  find  to  be  con- 
ftandy  produftive  of  an  abundant  crop.  This  fail 
has  alfo  been  proved  by  a  moft  decifive  experiment 
ofM.  Gleditfch.  There  was  in  the  royal  garden 
at  Berlin  a  beautiful  palm-tree,  a  female  plant, 
which,  however,  though  twenty-five  years  old,  had 
been  always  barren.  There  was  another  palm  at 
Leipfic  of  the  male  kind,  which  bloflTomed  every 
year.  This  ingenious  botanift  undortook  to  fecun- 
date the  palm  at  Berlin  from  that  at  Leipfic,  and 
had  fome  of  the  bloflToms  conveyed  by  the  poft. 
The  confequence  was,  that  he  produced  that  fea- 
fon  excellent  dates  5  and  the  experiment,  profccuted 
with  fome  variation  for  feveral  fucceeding  years, 
was  attended  with  the  fame  fuccefs*. 

It  has  been  faid,  that  the  pollen  was  deftined  for 
the  impregnation  of  the  germen.  This  is  per- 
forated in  the  following  manner.  The  anthcra?, 
which  at  the  firfl:  opening  of  the  flower  arc  whole, 
burft  foon  after,  and  difcharge  the  pollen.  Being 
difperfed  about  the  flower,  part  of  the  pollen 

*  Bonnet  Contemp.  p.  6. 
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lodges  on  the  furface  of  the  ftigma,  where  it  is  de- 
tained by  the  moifture  with  which  that  part  is 
covered.  Each  fingle  grain  or  atom  of  the  pollen 
has  been  obferved  by  the  microfcope  to  burft  in 
this  fluid,  and  is  fuppofed  to  difcharge  fbmething 
whkh  impregnates  the  germen  below  :  what  the 
jfubftanCe  is  which  is  fo  difcharged,  and  whether  it 
actually  pafles  through  the  ftyle  into  the  germen, 
Icems  yet  undetermined,  from  the  great  difficulty 
of  obferving  fuch  minute  parts  and  operations.  In 
fome  vegetables,  the  ftamina  move  towards  the 
piftillum  5  and  a  very  evident  motion  of  them  is 
obferved  in  the  flowers  of  the  common  berberry,  on 
touching  them  with  die  point  of  a  pin. 

The  NOURISHMENT  of  vegetables,  as  it  is  fo 
intimately  conneAed  with  the  important  fciencc 
of  agriculture,  has  defcrvedly  attrafted  confidecable 
iittention.  Mr.  Boyle  dried  in  an  oven  a  quantity  of 
earth  proper  for  vegetation,  and,  after  carefully 
weighing  it,  planted  in  it  the  feed  of  a  gourd  i  he 
watered  it  with  pure  rain-water,  and  it  produced  a 
plant,  which  weighed  fourteen  pounds,  though  the 
earth  had  fuffered  no  fenfiblc  diminution. 

A  willow-tree  was  planted  by  Van  Helmont,  in 
a  pot,  containing  loo  pounds  of  eartli.  -  This  was 
in  general  watered  with  diftilled  water,  or  fpme- 
times  with  rain-water,  which  appeared  perfectly 
pure.  The  vefTcl  containing  the  plant  was  covered 
in  fuch  a  manner  as  totally  to  exclude  the  entrance 
of  all  folid  matter.  At  the  end  of  five  years,  upon 
taking  out  the  plant,  he  found  it  to  have  increafcd 
in  weight  not  lefs  than  119  pounds,  though  the 

earth. 
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.earth  had  loft  only  two  ounces  of  its  original 
weight. 

Thcfe  experiments  would  admit  of  fome  doubt, 
and  muft  have  remained  in  a  great  meafure  inexpli- 
cable, but  for  the  experirtients  of  Mr.  Cavcndilh, 
.and  the  fafts  related  by  Dr.  Prieftley,  which  place 
it  beyond  a  doubts  that  vegetables  have  a  power  of 
decompofing  water,  and  converting  it,  with  what 
they  derive  from  the  atmofphere,  into  almoft  all  the 
different  matters  found  to  exift  in  their  fubftance. 
For  the  produfts  of  wood  in  diftillation,  I  muft  re- 
fer the  reader  to  what  has  been  advanced  in  the 
cnapter  on  carbon,  oJ-  die  carbonaceous  principle* 

All  the  proper  juices  of  vegetables  depend  on  the 
organization,  as  is  evident  from  the  operation  of 
grafting.  From  the  materials  of  fimple  water  and 
air,  are  produced  thofe  wonderful  diverfities  of 
peculiar  juices  and  fruits,  which  the  vegetable  world 
affords ;  and  the  immenfe  variety  of  taftes,  fmclls, 
&c.  In  the  fame  vegetable  what  a  variety  is  found  I 
The  bark  is  different  in  tafte  from  the  wood,  the 
peculiar  juices  have  fomething  different  from  them 
both,  and  the  pith  of  fome  plants  affords  a  matter 
which  could  not  have  been  expefted  from  their 
exterior  qualities.  The  root  is  often  different  from 
the  ftem,  and  the  fruit  from  both,  in  all  their  fen- 
fible  qualities. 

In  whatever  way  the  nourifhm^t  of  vegeta- 
bles is  received,  it  may  fairly  be  faid  to  confift 
principally  of  water.  I  am  inclined  to  believe, 
however,  that  calcareous  earth,  in  fmall  portions, 
may  enter  into  the  compofition  of  at  leaft  many 
vegetables  5  fincc  animals  which  exift  entirely  on 
D/  2  vegetable 
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v^etab^  food  are  found  to  have  in  their  iblid  parts, 
the  bones  for  inilance^  a  confiderable  portion  of 
this  fubftatice;  though  it  muft  be  confefTed^  that 
chemical  analyfis,  as  far  as  it  has  hitherto  gone, 
does  not  warrant  us  in  fuppofing  calcareous  earth 
to  be  an  eflential  conftituent  of  all  vegetable  matter. 
It  may  be  faid  further,  that  on  fome  occasions  the 
addition  of  other  matters,  as  of  different  kinds  of 
manure,  adds  greatly  to  the  growth  of  vegetables; 
but  in  whatever  degree  a  rich  foU  or  dung  may 
add  to  the  luxuriance  of  growth,  other  fafts  fcem 
to  prove  that  it  is  not  eflential  to  vegetation.  It  is 
well  known  that  many  herbs  flourilh  in  pure  water, 
and  that  pear,  plum,  and  cherry-trees,  planted  in 
pure  mofs,  have  arrived  at  fuch  perfeftion  as  to  pro* 
duce  good  fruit  ♦. 

DiSerent  theories  have  been  advanced,  to  account 
for  the  operation  of  manures  in  promoting  the 
growth  of  vegetables,  none  of  which  feem  altoge- 
ther fatisfaftory.  The  common  opinion  is,  that  the 
fubftances  employed  as  manures  are  the  food  of 
plants,  and  are  abforbcd  by  their  roots.  This  hy- 
pothefis  may  be  true  to  a  certain  extent,  when 

*  It  is  but  fiiir  to  infert  the  following  faft,  which  fcem?  to 
favour  the  neccffity  of  carbonk  matter  to  the  growth  and  in- 
creafe  of  at  leaft  fome  fpecies  of  vegeubles. 

'•  M,  Rucherc  is  perfuaded  that  earth  and  water,  in  proper 
proportions,  form  the  fole  nutriment  of  plants ;  but  M.  Giobert 
has  clearly  (hewn  the  contrary ;  for,  having  mixed  pure  earth 
of  alum,  filex,  calcareous  earth,  and  magneiia,  in  various 
proportions,  and  moiflened  them  with  water,  he  found  that  no 
grain  would  grow  in  them ;  but  when  they  were  moiflened 
with  water  from  a  dunghill,  com  grew  in  them  profpcrouilf . 
Hence  the  neccflity  of.  the  carbonic  principle  is  apparenu*'-^ 
Kirwau  mt  Manures ^  p.  ^% 

applied 
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applied  to  fbme  manures,  but  cannot  be  true  with 
regard  to  them  all  j  for  it  is  well  known,  that  not 
only  chalk  and  lime,  but  even  flints,  arc  very  bene- 
ficial to  fome  foils.  Another  opinion  is,  that  ma- 
nures aft  by  bringing  foils  to  fuch  a  confiftence 
as  is  favourable  to  the  growth  of  the  roots  of 
vegetables,  and  to  the  affording  of  them  water  ir\  a 
proper  quantity.  A  third  opinion  is,  that  manures 
aft  as  ftimuli  on  tlie  roots  of  vegetables,  and  thus 
excite  thtm  to  more  vigorous  aftion.  Some  au- 
thors think  that  manures  aft  as  folvents  on  matters 
previoufly  contained  in  the  foil,  and  thus  fit  them  for 
entering  the  roots  of  plants  i  and  others^  that  they 
aft  chemically,  by  forming  combinations  which  are 
favourable  to  vegetation.  Which  of  thefe  hypo- 
thefes  is  bcft  founded,  it  is  difficult  to  determine; 
but  it  does  not  fccm  unlikely  that  they  may  be  all 
true  to  a  certain  extent. 

When  wc  attempt  to  difcover  the  component 
principles  of  the  objefts  around  us,  and  the  fources 
whence  they  are  fupported,  we  are  loft  in  the  great- 
nefs  and  diverfity  of  the  fcenes  prcfented  to  us. 
We  fee  animals  nourlfhed  by  vegetables,  vegeta^ 
bles  apparently  by  the  remains  of  animals,  and 
foffils  compofed  of  the  relics  of  both  thefe  king^ 
doms*  It  f^ems  certain,  however,  that  vegetables 
preceded  animals.  A  feed  of  mofs  lodging  in  a 
crevice  of  a  bare  ropk  is  nouriflied  by  the  atmo- 
fphere,  and  the  rhoifturc  afforded  by  the  rains  and 
dews.  It  comes  to  perfeftion,  and  fheds  its  feeda 
in  the  mouldering  remains  of  its  own  fubftancc.  its 
offspring  do  the  lame,  till  a  cruft  of  vegetable 
ipouW  i9  formed  fufficicntly  thick  for  the  fupport 
P3  of 
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of  grafs  and  other  vegetables  of  the  fame  growth. 
The  lame  procefs  going  forward,  (hrubs,  and  laftly 
the  largeft  trees,  may  find  a  firm  fupport  on  the 
once  barren  rock,  and  brave  the  efforts  of  the 
tcmpeft. 

From  the  advantages  derived  from  a  change 
of  crops  in  agriculture,  it  has  been  fuppofed  that 
different  vegetables  derive  different  kinds  of  nou- 
rifliment  from  the  fame  foil,  felefting  what  is  beft 
adapted  to  their  own  fupport,  and  leaving  a  fupply 
of  nourifhment  of  another  kind  for  vegetables  of 
a  different  fpccies.  Was  this,  however,  the  cafe, 
vegetables  would  not  fo  much  impede  each  other's 
growth  when  placed  near  together.  And  in  the 
operation  of  grafting,  we  have  a  clear  proof,  thatthe 
juices  received  by  the  root  of  one  fpecies  of  tree 
may,  by  the  organization  of  the  inferred  twig, 
be  fubfervicnt  to  the  growth  of  leaves,  flowers, 
and  fruit  of  a  different  kind.  The  advantage  de- 
rived from  a  change  of  crops  may  be  better  ex- 
plained on  other  principles!,  fome  plants  extend 
their  roots  horizontally  on  the  fwrface  of  the  foil, 
others  lirike  them  downwards  to  a  confiderabic 
depth.  Some  plants  are  found  to  bind  or  harden 
the  foil,  others  to  loofen  it.  Thus,  for  example, 
wheat  and  rye-grafs  render  a  foil  ftiff,  \^hile  pulfe, 
clover  and  turnips  pulverize  it.  By  varying  the 
crops,  therefore,  the  foil  is  preferved  in  a  middle 
ftate,  between  too  much  ftiffnefs  and  too  much  fri- 
ability. Nor  is  this  the  only  good  effedt  arifing 
from  this  difference  of  roots.  From  this  circum- 
ftance  fome  vegetables  drjiw  their  nourifhment 
from  the  furface  of  the  earth,  whilp  pdiers  d^rivq 

.       it 
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it  partly  from  a  greater  depth.    So  that  by  a  change 
of  crops,  a  larger  portion  of  the  foil  is  made  to  con- 
tribute to  the  nourilhment  of  plants  than  could  have 
been  efFefted  by  the  cultivation  of  any  fingle  (pe- 
cics.   One  other  advantage  to  be  derived  from   a 
change  of  crops,    is     this :    fome  plants   extraft 
almoft  the  whole  of  their  nourifhment  from  the  foil ; 
and  this  is  particularly  the  cafe  vnth  thofe  which 
are  moft  valuable,  and  which  contain  the  greateft 
quantity  of  folid  matter.     By  tlie  repetition  of  fuch 
crops,  however,  the  foil  is  found  to  become  too 
much  exhaufted.     There   are  other  plants  which 
derive  a  large  proportion  of  their  nourilhmcnt  from 
the  air ;  by  fuch  therefore  the  foil  will  be  much 
lefs  exhauftec;!,  and  under  a  crop  of  them  will  be  in 
fome  meafure  at  reft.'   The  good  efFefts  of  a  change 
of  crops  .may  therefore  be  fufficiently  explained, 
without  fuppofing  that  each  particular  fpecies  of 
vegetables  is  nouriflied  by  a  difFcrent  kind  of  food. 
This  opinion  is  alfo  ncceffarily  attended  with  two 
great  difficulties :  one  is,  that  there  exifts  in  every 
foil  as  many  diftinft  kinds  of  nourifliment,  as  there 
are  fpecies  of  plants  capable  of  growing  in  that  foil ; 
the  other,  that  plants  are  endued  with  the  faculty  of 
difcerning  and  fclefting,  from  all  thefc  kinds,  their 
own  proper  nourifliment.     The  former  of  thefe 
fuppofitions  is  too  abfurd  to  merit  the  leaft  atten- 
tion, and  the  latter  has  been  difproved   by  adtual 
expjcriment,  fince  plants   are   not  able  to  prevent 
their  roots  from  abforbing  fuch  matters  as  prove 
poifonous  to  them,    pther  writers,  however,  have 
been  more  moderate,  ajid  though  they  haverejefted 
the  idea  of  fpccific  nourifliment  in  general,  have  ne- 
D  4  vmhdcfsi 
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verthe|e(s  imagined  'that  the  hypothelis  might  be 
well  founded  with  refpeft  to  particular  fpecies  of 
vegejables.  This  they  infer  from  the  exiftence  of 
ipecific  manures,  as  foot  for  faintfoin,  alhes  for  white 
clover,  and  fohie  others.  It  does  not  feem  poffiblc, 
however,  to  draw  a  line  of  diftinftion  5  and  if  vrc 
rejeft  the  idea  of  a  ipecific  nourilhment  in  general^ 
we  cannot  admit  it  in  particular  inft^nces. 

In  order  to  difcover  whether  plants  have  an  ac- 
tual power  of  diftinguiftiing  matters  prefented  to 
their  roots,  a  friend^  who  affifted  me  in  compiling 
this  part  of  the  work,  made,  among  odicrs,  the  fol^ 
Rowing  experiment. 

A  vigorous  plant  of  mint  was  placed  in  a  two- 
ounce  phial,  filled  with  filtrated  well-water,  to  which 
were  added  four  drops  of  a  moderately  ftrong  folu- 
tion  of  fal  martisr  On  examining  the  plant  the 
following  day,  no  other  effedt  was  obfcrvedj  thaij 
that  the  very  tips  of  the  radicles  were  withered  and 
black.  Four  more  drops  of  the  folucion  were  now 
added.  On  the  third  day  tlic  appearances  were  the 
fame  j  and  no  new  change  taking  place  on  the 
fourth,  twelve  more  drops  of  the  folution  were 
added.  On  the  fifth  day  the  roots  appeared  of  a 
yellowifh  green  colour,  and  the  top  drooped  very 
much.  The  Iju-ger  leaves  were  pretty  much  wi- 
thered and  blackened.  The  abforption  of  the  water 
appeared  to  be  in  fome  meafure  impeded,  but  not 
entirely  prevented.  On  the  fixth  day  die  whole 
plant  was  withering  very  faft  j  the  roots  became  of 
a  dark  olive-green  colour,  and  the  larger  leaver 
were  become  very  blacky  cfpecially  the  foot-ftalks 
•  aii4 
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and  the  projefting  fibres.  On  the  fcventh  day 
the  blacknefs  had  made  ftill  further  progrefs,  and 
jhe  plant  was  dead.  A  fufficient  proof  that  fome 
of  the  iron  was  abforbed  by  the  plant,  may  be 
drawn  from  the  following  circumftance — its  leaves 
when  macerated  in  diftilled  water,  produced  a 
black  colour  with  galls.  The  leaves  of  a  plant 
of  mint,  which  had  been  nourifhed  by  water  alone, 
when. tried  by  the  fame  teft,  produced  no  colour 
whatever.  Trifling  as  this  experiment  may  appear, 
it  proves  two  points ;  that  plants  have  not  the  power 
of  rejcfting  even  injurious  matters  when  prefented 
to  their  roots ;  and  that  other  matters  befides  watej 
find  air  are  capable  of  being  abforbed  by  them. 

Agriculture  feems  yet  to  be  nearly  in  its  in- 
fancy, and  even  the  benefit  produced  by  the  common 
cuftom  of  letting  lands  lie  fallow,  has  not  yet  been 
iatisfaftorily  e^pl^ined.  Something  may  no  doubt 
be  attributed  to  the  deftruftion  of  weeds,  but  more 
probably  to  fome  change  produced  in  the  foil  by  its 
being  expofed  to  the  adkion  of  the  ftin  and  air.  The 
pnanagement  of  nitre-beds  may  tend  to  throw  fome 
light  on  this  fubjeft.  Thefe  are  compofed  of  calca« 
rcous  earth  and  dung  cemented  together.  After 
being  expofed  for  fome  months  to  the  air,  they  arc 
found  to  contaiiji  a  quantity  of  nitrous  acid,  which, 
uniting  to  the  calcareous  earth,  forms  a  kind  of  ialc, 
which  is  extraded  by  lixiviation.  Now  calcareous 
earth  and  dung  are  two  of  the  mofl:  powerful  kinc)s 
of  manure,  and  it  does  pot  feem  improbable  that 
dieir  fertilizing  powers  may  be  in  Ibme  manner 
conne&ed  wUh  their  property  of  affording  nitrous 
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VEGETABLE   SUBSTANCES. 


©/"    the    moft    remarkable     Vegetable     ProduShns, —  Vegttahk 
Oxydi.'^Vegetahle  Acids.^-Otber  ejfential  Salts  of  Vegetables, 


IT  has  been  already  remarked,  that  the  fimplc 
component  principles,  which  are  eflential  to  th« 
formation  of  vegetable  matter,  are  but  three  in 
number,  namely,  carbon,  hydrogen,  and  oxygen. 
From  the  various  proportions  in  which  thcfe  in- 
gredients are  combined,  refults  almoft  all  the  va- 
riety of  vegetable  matters  which  fall  under  our  no- 
tice. Sugar,  mucus  (under  which  term  I  include  the 
different  kinds  of  gums,  and  ftarch)  are  vegetable 
oxyds,  having  hydrogen  and  charcoal  combined,  in 
different  proportions,  as  their  radicals -or  bales,  and 
united  with  oxygen,  fo  as  to  bring  them  to  the 
ftate  of  oxyds.  From  the  (late  of  oxyds  they  arc 
capable  of  being  changed  into  that  of  acids,  by  the 
addition  of  more  oxygen;  and  according  to  the 
degrees  of  oxygenation,  and  the  proportion  of  hy- 
drogen and  charcoal  in  their  bafcs,  they  form 
the  feveral  kinds  of  vegetable  acids.  On  the  otiicr 
hand,  gum  by  being  deprived  of  oxygen  is  capable 
of  affording  oil,  M.  Woulfe  has  found  that  a 
pound  of  gum  arable  diftilled  with  a  quarter  of  a 

pound 
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pound  of  vegetable  alkali,  furnifhes  a  confiderable 
quantity  of  oiL  The  liquor  which  rifes  along  with 
it  is  not  at  all  acid ;  therefore  the  acid  of  the  gum 
remains  united  with  the  alkali.  Honey  afforded 
copioufly  an  oil,  when  fubmitted  to  the  fame  procc(s# 
The  following  are  all  the  vegetable  adds  hitherto 
known. 

I.  Acetous  acid,  or  vine^r.' 

a.  Oxalic  acid,  or  thatof  forrel  and  fugar. , 

3.  Tartarous  acid, 

4.  Pyro  *,  or  empyreumatic,  tartarous  acjd* 

5.  Citric  acid,  or  that  of  lemons,  . 

6.  Malic  acid,  or  that  of  apples. 

7.  Pyro-mucous  acid. 
S.  Pyro-ligneous  acid. 

9.  Gallic  acid,  or  that  of  galls. 

10.  Benzoic  acid^  or  that  of  Benjamin. 

11.  Camphoric  acid, 

12.  Succinic  acid,  or  that  of  amber. 

Nitrous  acid,  repeatedly  diftilled  with  gums, 
mucilages  and  fugar,  is  decompofed,  the  azote  in 
part  efcapes,  and  the  oxygen  uniting  with  the  in« 
flammable  matter  of  thefe  fubftances,  produces  the 
acid  of  fugar.  By  a  continuation  of  the  procefs, 
however,  the  hydrogen  and  charcoa)  of  the  muci- 
laginous matters  are  feparated ;  the  charcoal,  com* 
bining  with  the  oxygen,  forms  carbonic  acid  gas, 
and  the  hydrogen  cipher  efcapes  in  the  ftate  of  in- 
flam.mable  air,  or,  attradfcing  part  of  the  oxygen, 
forms  water.    From  this  view  of  the  fubjedt,  toge- 

•  Pyro  from  the  Greek  m/^  (fire)  means  any  thing  prepared 
or  extraded  by  fire. — Empyreumatic^has  the  fame  etymology 
|ad  meaning. 
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tbcr  with  other  fafts,  it  has  been  inferred,  that    a 
greater  or  kfs  proportion  of  viul  air,  united  with 
the  other  two  general  principles  of  vegetables,  hy- 
drogen and  charcoal,  produces  all  the  various  acids 
of  vegetables.     Thus  tartar  is  faid  to  have  been 
converted  into  the  acid  of  apples,  by  treatment  with 
nitrous  acid.     The  acid  of  apples,  by  the  continu- 
ance of  the  operation;  becomes  converted  into  acid 
of  fugar,  or  acid  of  forrel,  which  arc  the  feme  thing, 
.The  fame  procefs  further  continued,  affords  vine- 
gar.    Hence' it  fhould  feem  that  according  to  the 
greater  progress  of  the  operation  of  combuftion, 
or  the  combination  of  vital  air  with  the  bafes,  the 
acids  of  tartar,  of  apples  or  unripe  fruit,  of  forrel 
or  fugar,  of  vinegar,  and  laftly  of  charcoal,  are  pro- 
duced.    In  this  order  of  proceeding,  the  acids  be- 
come more-  and  more  perfcft,  and  left  eafily  dc- 
compofablc;  and  it  probably  proceeds  from  this 
caufe,  that  the   reverfc  of  thefe  proceffes  could 
never  be  completely  accomplilhed. 

Profeflbr  Murray,  of  Goctingen,  has  aflured  us, 
that  he  has  obtained  acid  of  fugar  by  repeated 
diftillations  aed  congelation,  without  ufing  nitrous 
acid.  Abbe  Fontana  obtained  an  acid  pcrfeftly 
lijce  that  of  fugar  from  all  the  gums  and  refins* 
Mr,  Watt  of  Birmingham,  when  making  fome  ex- 
perimefKs  relative  to  ink,  obfcrved  a  number  of 
particles  floating  in  the  fluid,  which  had  the  fbape  of 
cryftals  of  the  faccharine  acid,  and  upon  examina- 
tion were  found  to  be  really  fuch  j  and,  conducing 
the  procefs  in  the  ufual  way  with  the  nitrous  acid,  he 
found  that  aftringent  vegetable  matters  contain  the 

aci(i 


Chap,  4*]  Neutral  Salts  found  in  Vegetables.        45 

acid  of  fugar  in  greater  abundance  than  that  fub- 
ftance  from  which  it  derives  its  name. 

Thcfe  faline  matters  are  called  cffential  falts  of 
vegetables.  There  are  fome  others  which  are  alfo 
called  eflential  falts,  but  are  not  peculiar  to  vege- 
tables. Such  as  the  fixed  vegetable  alkali,  which 
may  be  extrafted  by  incineration  frorrr  plants  in 
general,  and  the  fixed  foffil  alkali,  which  is  only  ex^ 
trailed  from  marine  plants.  Several  neutral  falts 
may  alfo  be  extrafted  from  particular  vegetables : 
as  vitriolated  tartar  from  millefoil,  and  from  aftrinf. 
gent  and  aromatic  plants ;  Glaubcr^s  ialt  from  ta- 
tnariflc ;  common  fait  and  muriat  of  pot-afh  from 
marine  plants.  Many  other  falts  will  doubtlels  be 
found,  when  a  greater  number  of  plants  fhall  be 
accurately  analyfed. 


Chap. 
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C  H  A  P-     V. 


OF  THE  MORE  SIMPLE   VEGETABLE- 
COMPOUNDS. 


Gxow.—  Gum  Arabic,'^  Gum  Tragacanth,'-^  Common  EurofeaM 
Gum  ^-^Sugar;  obtmnidfrommoft  Vigetablesj-'^FrouJs  of  making 
Sugar^,^^Manna. — Fat^  or  exprejftd  Oilsj-^Chocolate^^^Fegeta* 

hU  Wax.—Analyju  of  Oli've  OiL^Efential  Oils OfCtnma- 

mon.'^Of  Ba/m,  Peppermint  and  Wormnuood.-^^Of  Lavenifer* 
-^OfRofes.^QfJnifeed.^Of  Farpy,— Of  Camomile. — Of 
Saffafras  and  Carranvay. — Of  Nutmegt  Pepper  and  Mace.''^ 
Balfams.'-^Balfam  of  Tolu^'—SenxBin  and  Storax^^^ampbor^ 
ReJins.'-^Gum  CopaL^^Catchouc  or  elaflic  Gum,^^Fecitia^'~^ 
Bricny,'--'Pctato€s,^^Sago.'^SaUp,'-^Farina  or  Flour.^^Glu- 
ten^^^Starch,^^Sacchari»e  Matter  oflVheaf.'^Bread.^^Colour^ 
ing  Matters  of  Vegetables, --^Principles  of  the  Art  ofDying,^^ 
Arnotto.-^^Baftard  Saffron,'^ ArchiL^^Indigo, — Alkanet  Root. 
"^Luteola.'--^  Madder.-^  Walnut,*--^  Alder, —  Sumach,  (5fr.— 
Galls.-^Lakes. 


THERE  arc  certain  compound  fubftances, 
which  are  formed  by  die  procefs  of  vegeta- 
tion, and  may  be  obtained  without  the  application  of 
any  greater  heat  than  that  of  boiling  water,  or  the 
aftion  of  any  other  folvents,  than  water  and  ardent 
fpirit.  Thefe  fubftances  may  be  referred  to  the 
following  heads: — i.  Gum.  2.  Sugar.  3.  Fat 
Oils.  4.  EfTential  Oils.  5.  Balfams.  6.  Camphor. 
7.  Refin.  8.  Pure  fccula  of  vegetables.  9.  Fa- 
rina.    10.  Vegetable  colouring  matters. 

I.   GUMV 
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L  Gum. — Its  charafters,  when  in  its  purcft  ftate, 
ai;p  thofe  of  a  fubftance  inodorous,  infipid,  generally 
folid,  of  more  or  lefs  tranfparency,  with  fonaetimcs 
a  flight  tinge  of  colour,  generally  yellow  ^  eafily  fo- 
luble  in  wjiter  into  a  vifcid  liquor,  called  mucilage, 
in  which  ftate  it  originally  exifted  in  the  vegetable ; 
not  afted  on  by  fpirit  of  wine  or  oils ;  not  volatile 
in  the  heat  of  boiling  water,  nor  fufible  in  any  heat, 
but  fubjedt  to  the  fame  changes  as  other  vegetable 
matter. 

Gum,  in  its  dry  and  folid  ftate,  is  not  in  the  leaft 
adted  on  by  oils,  but  mucilage  manifefts  a  confi- 
derabje  difpofition  to  unite  with  them.  Gum  is 
not  a  folvent  of  relinous  or  balfamic  matter ,  this 
matter  will,  however,  be  diflblved  in  water,  in  con- 
fequence  of  being  added  to  gum,  efpecially  by  the 
afliftance  of  agitation.  Thus  oils  and  balfams  may 
in  many  cafes  be  combined  with  water,  and  remain 
combined  with  it,  forming  a  milky  folution,  par- 
ticularly if  the  quantity  of  gum  is  confiderable. 
T^is  kind  of  combination  is  very  frequent  in  plants. 
There  are  many  in  which  oil  and  gum  are  naturally 
united.  The  ufeful  juice  of  the  poppy  is  of  this 
kind,  and  from  lueh  compounds  gum-refins  are 
obtained,  by  the  evaporation  of  their  watry  parts. 
They  have  ftill  fdlubility  in  water,  though  the  guiii 
is  the  part  chiefly  diflblved;  the  r^finous  part  is 
cither  left  in  its  concrete  ftate,  or  being  merely  fuf- 
pended,  and  not  diflblved,  its  particles  are  inter- 
pofcd  between  thofe  of  the  gum  and  water,  and 
occafion  a  degree  of  opacity.  Such  fubftances 
alfo  in  their  folid  ftate  as  confift  of  a  mixture 
of  gum  and  rcfin   are  always  opake,  while  the 

^ure 
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pure  gums  and  pure  rcfins  have  more  or  Icls  of 
tranfparcncy^ 

'Gum  is  very  abundant  in  the  vegetable  king- 
dom J  it  is  found  in  a  great  number  of  roots;  the 
young  ftioots  ancl  young  leaves  contain  it  in  large 
quantities,  and  its  prefcncc  may  be  known  by  its 
vifcous  and  adhefive  quality,  when  thefe  parts  are 
crufhed  between  the  fingers.  Gum  is  ufually  ob- 
tained by  wounding  the  bark  of  particular  trees,  Ic 
is  obfervable,  that  faccharine  fruits,  when  four  and 
unripe,  are  found  to  contain  gum  and  an  acid  ; 
whence  it  fcems  not  \infair  to  conclude,  that  fac- 
charine matter  is  formed  of  thefe  materials,  ope- 
rated on  by  the  procefs  of  vegetation. 

The  moft  common  gums  are— i.  Gum  Arabic, 
which  flows  from  the  acacia  in  Egypt  and  Arabia, 
and  is  of  thc^ame  nature  with  gum  Senegal,  which 
is  foinetimes  fold  inflead  of  it.  2.  Gum  traga- 
canth,  which  is  obtained  from  a  thorny  bulh,  grow- 
ing in  Crete,  Afia,  and  Greece.  3.  The  gum 
which  flows  from  certain  trees  growing  in  this 
country,  particularly  apricot  and  plum-trees.  The 
eflential  charafters  of  all  thefe  gums  are  the  fame, 
but  gum  tragacanth  is  by  far  the  moft  powerful  Iq 
producing  a  thick  and  tenacious  niucilage. 

II.  SuGAR.^ — The  mixed  and  various  properties 
of  this  fubftance,  have  rendered  chcmifts  very 
doubtful  to  what  clafs  of  bodies  ij  ought  to1>e  re- 
ferred. By  fome  it  has  been  called  inflammably^ 
by  others  faline,  and  by  others  it  has  been  clafTed 
among  gummy  and  mucilaginous  matters.  Sugar 
is  foluble,  both  in  water  and  ardent  fpirit.  It  ]m 
more  inflammable  than  gunis^  and  has  not  been 
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proved  to  contain  any  fait  ready  formed,  except  fome 
fixed  alkali.  It  is  the  only  prmciple  the  prcfencc  of 
which  enables  fluids  to  take  on  the  vinous  fermen^ 
tation. 

Saccharine  matter  is  found  in  a  great  number  of 
vegetables ;  fuch  as  the  maple,  the  birch,  the  red  beet^ 
the  parfnip,  the  grape,  farinaceous  grain,  potatoes : 
MargrafF  indeed  extrafted  it  from  moft  vegetables  1 
and  it  is  well  known  that  honey  is  a  faccharine 
matter,  collefted  by  the  inftinft  of  the  bee  from 
an  infinite  variety  of  plants,  but  principally  from 
flowers.  The  arundo  laccharifera  or  fugar-cane 
contains  this  matter  however  in  larger  quantities, 
and  affords  it  more  readily,  than  any  other  plant. 
The  ripe  canes  are  twice  crulhed  between  irott  cy- 
linders, by  which  they  are  fqueezcd  completely 
dry,  and  fometimes  even  reduced  to  powder.  The 
cane  juice  or  melafles  is  received  in  a  leaden  bed^- 
and  thence  conveyed  int9  a  vcflel  called  the  receiver  1 
thence  it  runs  to  the  boiling-houfe,  where  it  is  rc^ 
ceived  into  a  copper  pan  or  caldron,  which  is  called 
a  clarifier.  Of  thefe  there  are  generally  three,  and 
their  dimenfions  are  determined  by  the  extent  of 
the  owner's  plantation.  Methods  of  quick  boiling 
are  indifpenfably  neceflary,  as  the  pureft  cane  juice 
will  not  remain  twenty  minutes  in  the  receiver^ 
without  fermenting  and  becoming  tainted.  As  foon 
as  the  ftrcam  from  the  receiver  has  filled  the  boiler 
or  clarifier  with  frelh  liquor,  and  the  fire  is  lighted, 
the  temper,  which  is  generally  Briftol  white  Kme  in 
powder,  is  fl:irred  into  it.  This  is  done  in  order  to 
neutralizfe  the  fuperabundant  -acid,  to  get  rid  of 
which  is  the  great  difficulty  in  making  fugar.    As 
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the  force  of  the  fire  increafes,  a  {cum  is  thrown  up^ 
which  proceeds  from  die  gummy  matter  of  the 
cane,  with  fume  of  the  oil,  and  fuch  matters  as  arc 
entangled  in  the  mucilage.  The  heat  is  now 
fufifcred  to  increafe  gradually,  till  it  approaches  to 
that  of  boiling  water ;  hut  it  muft  by  no  means 
be  differed  to  boil.  When  the  fcum  begins  to  rife 
into  bliftcrs,  and  break  into  white  froth,  which  ge- 
nerally appears  in  about  forty  minutes,  it  is  known 
to  be  fiifficiently  heated.  The  fire  is  then  exdn- 
guiBied,  and,  if  circumftances  will  admit,  the  li- 
quor is  left  a  full  hour  undifturbed.  The  liquor  is 
BOW  carefully  drawn  of,  fo  as  to  leave  the  fcum,  and 
conrpyedby  a  gutter  to  the  evaporating  boiler; 
and  ^  produced  from  good  materials,  and  well 
managed,  it  will  appear  almoft  tranfparefit.  In 
this  vcfltrl  it  is  fuffered  to  boil,  and  the  fcum  as  it 
fifes  is  continually  taken  off,  till  the  liquor  becomes 
finer,  fomewhat  thicker,  and  almoft  of  the  colour  of 
Madeira  wine.  Being  transferred  to  a  fmaller 
copper,  the  boiling  and  fcumming  are  continued ; 
and  if  the  liquor  is  not  fo  clear  as  might  be  ex- 
pefted,  lime-water  is  added,  which  thins  the  mix- 
ture, fo  as  to  fuflPer  the  impurities  to  rife  more 
readily  to  the  furface.  When,  in  confequence  of 
^uch  fcummitig  and  evaporation,  the  liquor  is  fo 
reduced  that  it  can  be  contained  in  the  third  cop- 
per, it  is  laded  into  it,  and  fo  on  to  the  laft  copper, 
which  is  called  the  teache.  This  arrangemeikt 
fuppofes  four  coppers,  befides  the  three  clarifiers« 

In  the  tcachc  the  liquor  undergoes  another  eva- 
poration, tiU  it  is  fuppofed  to  be  boiled  enough  to 
be  removed  from  the  fire. 
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The  cooler  (of  which  there  arc  generally  fix)  is 
a  ihallow  wooden  veflel,  about  eleven  inches  deep> 
feven  feet  in  lengchi  and  from  five  to  fix  feet  wide. 
A  cooler  of  this  kind  holds  %  hoglhead  of  fugar. 
Here  the  fugar  grains,  that  is,  as  it  cools  it  runs- 
into  .a  coarfe  irregular  rtiafs  of  impcrfedt  cryftals, 
feparating  icfelf  from  the  melaiTes.  From  the 
cooler  it  is  taken  to  the  curing-houfe,  where  the 
melaflfes  drains  from  it.  When  it  is  cooled  fo  that 
the  finger  may  be  plunged  into  it  without  injury^ 
it  is  poured  into  barrels,  placed  over  certain  cifl^rns, 
and  pierced  at  the  bottom  with  many  holes,  im« 
perfedtly  flopped  with  the  ftalk  of  a  plantain  leaC 
through  which  the  fyrup  drains.  In  the.  ^acc  of 
three  weeks  the  fugar  becomes  tolerably  dry  and 
fair.  It  is  then  faid  to  be  cured,  and  the  procefs 
Is  finiihcd.  The  fugar  thus  obtained  is  called  mufr- 
€(yvadoy  and  is  the  raw  material  whence  the  Britiflx 
fugar-bakers  chiefly  make  their  loaf  or  refined  lump. 
The  juice  of  the  ftigar-cane  contains  a  fuperabun- 
dance  of  acid,  which  prevents  the  dry  concretion. 
In  order  to  get  rid  of  this,  they  employ  lime-water, 
as  the  faccharine  acid  is  fcparated  by  its  means  from 
every  other  combination.  The  linl^e  powerfully 
attracting  the  acid  when  united  with  it,  forms  an 
infoluble  fait,  which  either  falls  to  the  bottom  or 
mixes  with  the  fcum.  Many  perfons  have  fupr 
pofed  that  a  portion  of  the  lime  remains  mixed  with 
the  fugar  j  but  Bergman  aflures  us,  that  if  the 
purification  is  properly  conduced,  the  nature  of 
the  ingredients,  the  circumftances  of  the  operation, 
and  finally  the  mod  accurate  analyfis,  abundantly 
(hewj  that  there  is  not  the  fmalleil  trace  of  lime 
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remtining.  Good  fagar  diffolvcs  totally  in  diftilled 
urater,  which  Could  not  poflibly  be  the  cafe  if  there 
^  was  prefent  any  lime,  either  in  a  feparate  ftate  or 
iinited  with  the  faccharine  acid. 

There  is  another  fort  of  fugar,  which  is  much 
tiTed,  and  which  in  England  pafTes  by  the  name 
of  Li/bon  fugar,  but  which  in  the  Weft  Indies  is 
called  clojfed  fugac ;  the  procefs  for  making  it  is  as 
follows: — A  quantity  of  fugar  from  the  cooler  is  put 
into  conical  pots  or  pans,  with  the  point  down- 
wards, having  a  hole  about  half  an  inch  in  diame- 
ter at  bottom,  for  the  melafles  to  drain  through, 
but  which  is  at  ftrft  ftopped  with  a  plug.  As  {boa 
as  the  fugar  in  thefe  pots  is  coo^  and  becomes 
a  fixed  body,  which  is  known  by  the  middle  of  the 
top  falling  inj  the  plug  is  taken  out,  and  the  pot 
placed  over  a  large  jar,  intended  to  receive  the 
fyrup  which  flows  through.  In  this  ftate  it  is  left 
as  long  as  the  melaffes  continues  to  drop,  when  a 
ftratum  of  moiftened  clay  is  Ipread  on  the  fugar. 
The  water  gradually  draining  from  the  clay,  dilutes 
the  melaffes,  in  confequence  of  which  more  of  k 
comes  away  from  the  fugar,  which  becomes  whiter 
and  finer,  A  fecond  covering  of  clay  is  put  on 
when  the  firft  is  dry,  and  water  is  agairf  fuffercd  to 
filter  through,  after  which  the  loaves  are  carried 
to  an  oven  to  dry.  At  the  end  of  eight  or  ten  days 
thefe  loaves  are  broken,  and  the  powdered  fugar  is 
conveyed  to  Europe. 

Certain  ji^ces  which  flow  out  of  plants  are  of  a 
faccharine  nature  ;  fuch  is  manna,  which  is  pro- 
duced by  the  pine,  the  fir,  the  oak,  the  maple, 
the  juniper,  the  fig,  the  willow,  Sec. ;  but  the  afli, 
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the  larch/  and  the  alhagi  afford  !t  in  the  largeft 
quantities.  Robel,  RondeIet>  and  others,  have  ob-^ 
ferved  at  Montpelier,  upon  the  olive-treesj  a  kind 
of  manna,  to  which  they  have  given  the  name  of 
oeliomeli.  Toumefort  collected  it  from  the  fame  trees 
at  Aix  and  Toulon.  The  alh,  which  is  verjr 
abundant  in  Calabria  and  Sicily,  affords  the  manna 
of  commerce :  it  flows  fpontaneoufly  from  thcfe 
trees,  but  is  much  more  abundandy  coUcfted  by 
making  incifions  in  the  bark.  That  which  is  pro- 
cured by  introducing  chips  of  wood  or  fmall  ftick* 
into  ardBcial  apertures,  forms  a  kind  of  ftaladites, 
perforated  within,  and  called  manna  in  the  tear. 
Manna  in  flakes  flows  from  the  bark,  and  contains 
fome  impurities.  Manna  affords,  by  treatment 
with  the  nitrous  acid,  the  fame  ac)d  as  is  obtained 
from  fugan 

III.  Fat  Oils  are.  not  emitted  from  the  furfacc 
of  vegetables,  but  are  obtained  by  prcflTure  from 
tfieir  emulfive  feeds  or  kernels.  They  feel  fmooth 
to  the  touch,  arc  generally,  when  recent,  without 
fmell  or  tafl:e,  and  are  infoluble  in  water.  They 
are  not  volatilized  but  by  a  heat  confiderably  fu- 
perior  to  that  of  boiling  water,  and  do  not  take  fire 
till  fufficiently  heated  to  be  volatilized.  Whe^  they 
are  burned  on  the  wick  of  a  lamp,  fmall  portions 
are  fucceffively  brought  to  its  extremity,  and  being 
there  volatilized,  undergo  inflammation.  Moft  fat 
oils  are  fluid,  and  require  a  conliderable  degree  of 
cold  to  congeal  them ;  others  become  folid  by  a 
very  ffight  degree  of  cold  5  and  others  again  arc 
"  almofl:  always  folid :   thefe  lafk  are  called  butters. 
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Such  arc  thofc  of  the  cacao-nut,  from  which  cho^ 
colate  IS  made,  and  alfo  of  the  Cocoa-nut.  Vege- 
table wax  is  of  the  fame  nature,  only  more;  fblid* 
ItiS  the  produftion  of  China  j  and  is  there  made  into 
yellow,  white,  or  green  candles,  the  colour  raryihg 
iccording  to  the  manner  in  which  the  wax  is  ex- 
trafted.  The  catkins  of  birch  and  poplar  afford  a 
fmall  quantity  of  a  fimilar  wax.  M.  Berthollet  eafily 
whitens  it  with  oxygenated  muriatic  acid. 

Fat  oils  expofed  to  the  air  attraft  its  oxygen, 
and  become  acid  or  rancid.    Water  and  fpirit   of 
wiije,  by  abftrafting  this  acid,  deprive  them  of  their 
ftrong  tafte,  but  never  completely  reftore  them  to 
their  original  ftate.     M.  Berthollet  has  difcovercd 
that  fat  oils,  thinly  fpread  on  the  furface  of  water, 
and  expofed  to  the  air,  become  thick,  and  aflume 
the  appearance  of  wax.     This  appears  to  ariie  from 
the  abforption  of  oxygen,  as  the  oxygenated  mu«* 
riatic  acid  produces  this  change  more  fiiddenly^ 

Thefc  oils  afford  by  diftillation  a  fmall  quantity^ 
of  water  impregnated  with  a  peculiar  acid,  a  light 
oil,  a  denfe  oil,  and  inflammable  and  fixed  airs« 
The  quantity  of  charcoal  left  behind  is  not  abun- 
dant. By  re-diftilling  the  firft  produfts,  more  wa- 
ter, and  an  oil  which  becomes  lighter  each  time,  arc 
obtained.  Lavoifier  coUeftcd  the  produfts  of  olive- 
oil  burned  in  an  apparatus  properly  conftrufted  to 
afcertain  their  nature  and  properties.  He  obtained 
ftvehty-nine'parts  of  carbon,  and  twenty-one  of  hy- 
drogen, from  c  ne  hundred  of  oil.  From  thefe  cona- 
|5orient  parts,  inferences  may  be  drawn  refpefting 
the  acid,  the  water,  the  fisced  air,  and  the  inflammable 
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air,  afforded  by  partial  dcconapofitions  or  com* 
builions  of  this  fluid.  When  oils  are  burned  ia 
pure  air,  one  of  their  component  principles,  hydVo- 
g.n,  is  combined  with  pure  air,  and  form^  waters 
while  charcoal,  its  other  component  part,  combines 
with  pure  air  alio,  and  forms  fixed  air. 

The  denfe  animal  oils,  fuch  as  butter,  taWow,  fat, 
and  the  oil  of  the  whale,  exceedingly  refemblc  vc* 
gecabk  fixed  oils'-  They  appear,  howcvcir,  to  con- 
tain a  proportion  of  azotic  air  and  animalized 
nucter,  probably  in  the  ftatc  of  ferum  or  jelly^ 

Agitation  in  water  feparates  a  mucilaginous 
niattcr  from  fat  vtgetable  oils,  which  fecms  to  be 
the  caufe  of  their  becoming  rancid.  They  com- 
bine with  pure  fixed  alkalies  into  foap,  and  they 
alfo  unite  with  magnefia  andlime^  which  form  with 
them  foapy  compounds, 

IV.  EssENTTiAL  OiLS  are  remarkable  for  a  ftrong 
aromatic  fmell,  and  are  fufficiently  volatile  to  riic 
with  the  heat  of  boiling  water.  They  arc  in  ge- 
neral folublc  in  fpirit  of  wine,  and  their  taftc  is 
very  acrid.  They  are  much  more  inflammable 
than  the  fat  oils. 

Eflencial  or  volatile  oils  exifl:  in  mofl  fragrant 
vegetables,  and  in  various  plants  are  found  in 
different  parts  j  thus  the  oil  of  cinnamon  is  found 
in  the  bark  j  of  balm,  peppermint,  and  wormwood, 
in  the  leaves;  of  the  rofe.  and  lavender,  in  the 
flower  i  of  nutmegs,  anife,  and  fennel,  in  th^e  feeds. 
They  are  obtained  either  by  expreffion,  as  from 
the  peel  of  oranges  and  lemons,  or  by  diftillation 
with  water.  For  the  latter  purpofe,  the  plant  is 
E  4  put 
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put  into  a  copper  alembic,  with  water  -,  the  water 
being  made  to  boil,  comes  over  together  with  the 
oil  *into  the  receiver,  and  is  obtained  feparate  by 
decantation.  Some  of  the  eflendal  oils  are  fluids 
as  that  of  lavender ;  others  congeal  by  cold,  as  that 
pf  annifeed  J  others  are  always  concrete,  as  thofe  of 
rofes  and  parfley.  They  differ  much  with  rclpeft 
to  colours :  thus,  oil  of  lavender  is  yellow,  that  of 
cinnamon  deep  yellow,  that  of  parfley  green,  that 
of  camomile  blue.  Some  of  the  eflenrial  oils  float 
in  water,  as  moft  of  the  oils  obtained  from  plants 
growing  in  temperate  climates ;  others,  as  thofe 
of  faflafras  and  carraway-fcedsj  and  moft  pf  th^ 
oils  from  hot  countries,  fmk  in  that  fluid.  This 
property  is  pot,  however,  invariable  with  refpeft 
to  climate,  as  the  effential  oik  of  nutmeg,  pepper, 
and  mace  are  lighter  than  water.  It  is  remarkable, 
that  effential  oils  fometimes  entirely  differ  in  their 
properties  from  the  plant  which  affords  them ; 
thus,  oil  of  pepper  is  mild,  an4  oil  of  wormwood 
is  not  bitter. 

The  perfume,  or  principle  of  fcent,  in  plants,  tp 
which  Eocrhaave  gave  the  name  of/pritutf  rcHor^ 
feems  in  general  to  refide  in  the  effential  oil.  it 
compofes  an  ejstremely  fmall  part  of  the  weight  of 
vegetables,  as  may  be  inferred  from  the  lofs  of 
fragrance  fuftained  by  effential  oils  with  licde  or  no 
lofs  of  weight.  It  does  not  feem  improbable,  that 
the  perfume,  or  principle  of  fcent,  in  plants,  is.  a  gas 
of  a  peculiar  nature.  Its  invifibility  and  volatility,  the 
planner  in  which  it  is  expanded  and  difpcrfed  in 
the  atmolpherc,  together  with  certain  elperinacnt? 
jn^dc  by  Dr.  Ingenhouz,  on  the  noxious  gas  af- 
5  forded 
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forded  by  flowers,  render  this  opinion  very  pro- 
bable. 

It  is  ealy  to  difcover  the  adulteration  of  volatile 
oils,  either  by  pouring  ardent  fpirit  on  them,  which 
will  not  diffolvc  the  fat  oil  they  may  be  contami- 
nated with  J  or  if  they  are  dropped  on  paper,  and 
held  to  the  fire,  the  effential  oil  evaporates,  leaving 
the  fat  oil  behind,  whith  makes  a  greafy  Ipot.  If 
oil  of  turpentine  is  fraudulendy  added  to  them,  its 
fmell  betrays  its  prefence  when  treated  in  this  man* 
ner.  By  expofurc  to  the  air  they  become  thick^ 
and  in  procefs  of  time  affume  the  charafter  of  refin. 
Needle-fhaped  cryftals  aredepofited  fimilar  to  thofe 
afforded  by  camphor  when  fublimed.  Geoffroy 
the  younger  obferved  them  in  the  effential  oils  of 
motherwort,  marjoram,  and  of  turpentine*  The 
fame  chemill  obferves,  that  their  fmell  is  fimilar  to 
that  of  camphor. 

Effential  oils  combine  very  readily  with  fulphur, 
and  form  compounds  called  balfams  of  fulphur, 
in  which  the  fulphur  i$  fo  &r  changed  that  it  can<> 
not  be  recovered, 

V.  The  proper  vegetable  Balsams  are  oily  aro- 
matic fubftances,  imperfeftly  fluid,  obtained  by 
incifions  macje  in  certain  trees.  The  word  balfam 
has  been  ufed  in  a  very  extenfive  fenfe,  to  denote 
a  variety  of  vegetable  fubftances,  which  agree  in 
confiftence,  though  differing  very  widely  in  their 
nature  and  properties.  This  denomination,  how- 
ever, is  more  properly  confined  to  fuch  rcfinous 
matters  as  poffefs  a  fragrant  fmell,  and  more  efpeci- 
iplly  contain  acid,  odorant,  and  concrete  falts,  which 

may 
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jr. ;/  bccxtrafted  by  t --^coftion  or  'bbllroation  ^  fiicfe 
as  benzoin,  balfann  oi    /olu^  and  fl^)rax* 

V^,  Camphor  isapcciliar  vegciiibic  flibftance, 
of  a  ft  cng  fmeil  and  talle,  v\hlch  rcfcinbles  effential 
oils  in  fome  of  its  properties,  and  difiers  fronn  them 
in  others.  It  is  much  more  volatile  tiian  the  effen- 
tial oils;  ^^ith  the  moft  gentle  heat  i:  fublimes  and 
cryftallizes  in  hexagonal  lamina  atta^  hed  td  a  mid- 
die  ftcni.  By  a  fudden  heat  it  nicks  before  it 
rifes.  Water  does  not  difTol/e  it;  but  it  is  plen- 
tifully foluble  in  fpirit  of  wine,  aethor,  and  concen- 
trated acids,  from  the  two  former  of  which  it  is 
Separated  by  the  addition  of  water  without  altera- 
tion. Fixed  and  volatile  oils  diffolve  camphor 
with  the  affiftance  of  heat,  and  depofit  cryftals  in 
the  form  of  a  beaudful  vegetation  by  cooling.  A 
peculiar  acid  is  formed  by  the  diftillation  of  nitrous 
acid  with  this  fubftance,  Caniphor  has  been  ob- 
tained in  fmall  quantities  from  the  roots  of  zedoary^ 
thyme,  rofemary,  fage,  anemony  and  other  vegeta- 
bles, by  diftillation.  It  is  obfervqble,  that  all  thefe 
plants  afford  a  much  larger  quantity  of  camphor^ 
wh«n  the  fap  has  been  fuffered  to  pafs  to  the  con- 
crete ftate  by  feveral  months  drying.  Thyme  and 
peppermint,  Qowly  dried,  afford  much  camphor ^ 
andM.  Achard  has  obferved,  diat  a  fmell  of  camphor 
is  difengagcd  when  volatile  oil  of  fennel  is  treated 
with  acids.  M.  Chaptal  concludes,  from  thefe  and 
fome  other  fafts  of  the  fame  kind,  that  the  bale 
of  camphor  forms  one  of  the  conftituent  parts  of 
fome  volatile  oils,  in  which  it  exifts  in  the  liquid 

date. 
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ftate,  and  docs  not  become  concrete,  but  by  conbw 
bining  with  the  bafc  of  vital  air. 

The  camphor  of  commerce  is  obtained  fronrs 
Ipecies  of  laurel  which  grows  in  China,  Japan,  and 
in  the  ifl^inds  of  Borneo,  -umatra,  Ceylon,  &C4 
The  tree  which  produces  it  fometimcs  contains  it 
in  fo  large  a  quantity,  that  it  need  only  be  cletf,  in 
order  to  obtain  very  *pure  tears  of  camphor,  of 
confiderable  fize.  The  roots  of  this  tree  afford 
camphor  in  by  far  the  grcateft  abundance,  but  it  it 
alf J  procured  from"  the  branches,  trunk  aqd  leaves* 
The  method  of  obtaining  the  Ciimphor  is  by  diftiU 
ling  the  different  parts  of  the  tree  with  water.  Thd 
alembic  in  which  the  operation  is  performed  is 
covered  with  a  capital  or  head  filled  with  ftraw. 
Qn  the  application  of  a  fufficient  heat,  the  camphor 
is  fublimed  in  fmall  greyifh  grains,  which  are  after- 
wards united  into  larger  mafles.  The  c^imphor  in 
this  ftate  is  impure ;  it  is  purified  after  being  brought 
to  Europe,  principally  in  Holland,  where  it  under-* 
goes  fublimadon  in  low  fiat-bottomed  glafs  vefl'els. 
Chaptal  fays,  that  the  Dutch  mix  an  ounce  of 
quick-lime  with  every  pound  of  camphor  previous 
to  diftillation, 

VI I .  Rfisi  ws  are  dried  juices  of  plants,  of  the  na-* 
ture  of  effential  oils,  Almoft  all  the  cpncrctc  juices 
diftinguifhed  by  the  name  of  refins  4re  foluble  in 
ardent  fpirit,  and  not  in  water,  whereas  gums 
are  foluble  in  water,  and  not  in  fpirit.  Thejr 
ufually  flow  from  wounds  made  in  the  trunks  of 
trees  purpofeJy  to  obtain  them.  Tbey  are  inflam* 
mable^  and  burn  with  much  fmoke.    In  clofed  vef- 

fels 
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fels  they  do  not  rife  wholly  by  heat,  but  arc  decom- 
pofed.  Refins  differ  from  balfams  in  their  fmell^ 
which  is  Icfs  agreeable,  and  efpccially  in  their  con- 
4ainix^  no  concrete  acid  fait.  The  common  refm 
of  the  pine,  the  refm  of  the  fir,  pitch,  tar,  and  tur- 
pentine, are  perfect  refins,  and  are  foluble  in  fpirit 
of  wine.  Copal,  and  the  elaftic  fubflance  called 
iaotacbouc,  which  is  the  infpiflated  juice  of  an 
African  tree,  are  ufually  but  improperly  reckoned 
among  refinous  fubftances  j  though  neither  fpirit  of 
wine  nor  water  difTolves  them.  They  are  folubIe> 
however,  in  oils,  by  the  afTiflance  of  heat,  and 
have  been  thought  to  be  of  the  nature  of  fet  oils, 
though  they  differ  in  many  remarkable  properties. 

The  juices  called  gum*refins,  or  the  mixtures 
of  gum  and  refin,  are  not  completely  foluble  either 
in  water  or  fpirit  of  wine.  Both  thcfe  menflrua, 
however,  by  diffolving  one  of  the  component  parts, 
fufpend  a  portion  of  the  other,  from  their  intimate 
linion^ 

VIIL  Pure  Fecula  of  Vegetables. — If  the 
fubibtnce  of  a  vegetable  is  reduced  to  a  pulp  by 
pounding,  this  pulp  by  flrong  preffure  affords  a 
turbid  white  or  coloured  fluid,  which  by  flanding 
depofits  a  fubflance,  more  or  lefs  fibrous  or  pulve- 
rulent, according  to  the  nature  of  the  vegetable 
fuhftancc  from  which  it  was  obtained.  This  is 
called  the  fecula  of  vegetables,  and  confifts  almoft 
entirely  of  flarch.  Some  parts  of  vegetables  ap- 
pear to  be  altogther  compofed  of  this  matter;  fuch 
as  the  feeds  of  the.  gramineous  and  leguminous 
plants,  tuberous  roots,  &c.   Thefe  parts  in  general 

afford 
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afford  the  fineft  and  moft  abundant  fecula.  The 
ftems  and  leaves  of  vegetables  afford  only  a  coarie 
filamentous  depofition^  but  if  this  is  powdered  and 
waflied,  the  water  carries  off  a  fine  fecula,  perfeftljr 
finnilar  to' that  aflforded  by  grain.  All  vegetables 
therefore,  and  all  the  parts  of  them,  afford  more  or 
leis  of  this  matter  j  the  only  difference  is,  that  in 
Ibmc  parts  it  is  naturally  difen^aged  from  other 
fubftances,  in  others  it  is  in  fuch  a  ftate,  that  it 
muft  be  fcparated  by  a  laborious  procefs.  The 
fecula  of  fome  vegetables  is  feparated  as  an  article 
of  food :  as  from  the  root  of  briony,  from  potatoes^ 
from  the  root  of  a  very  acrid  plant  called  manioc;* 
from  the  pith  of  a  kind  of  paJm  which  grows  in 
the  Moluccas,  which  affords  the  fecula  called  lagoi 
and  from  the  root  of  a  ipecies  of  orchis^  which 
affords  ialep. 

IX.  Farina. — Flour,  or  the  pulverized  fub- 
ftance  of  farmaceous  feeds,  has  a  ftrong  analogy 
with  the  gummy  and  faccharine  mucilages.  Fan- 
naceous  feeds,  if  kept  m  a  moderate  temperature^ 
and  fupplied  with  moifture,  arc,  by  the  incipient 
procefs  of  vegetation,  converted  in  a  great  mca- 
fure  into  faccharine  mucilages,  as  happens  in 
making  malt.  Wheat-flour  is  the  moft.perfefl: 
farina  with  which  we  are  acquainted,  and  I  Ihall 
therefore  confine  my  defcription  to  it ;  though  it 
muft  be  confeffed  that  this  defcription  will  not 
apply  in  all  refpedts  to  the  more  imp^rfedt  fpecies 
of  farina. 

If  a  handful  of  wheat-flour  is  taken  and  kneaded 
in  a  veffel  of  water,  underneath  a  ftream  from  a 

cockj 
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cock,  Ac  water  carries  off  a  fine  white  powder^ 
and  the  kneading  muft  be  continued  till  the  water 
pafies  off  clear.  The  flour  is  then  found  to  be  Se- 
parated into  three  fubftahces ;  a  greyifh  and  ela£kic 
matter  remaining  in  the  hand>  which  is  called  the 
glutinous  or  vegeto-aninial  part;  a  white  powder 
depofited  by  the  water,  which  is  the  iecula  or  ftarch  ; 
and  a  fubftance  held  in  ibludon  by  the  water, 
which  is  of  a  faccharine  mucilaginous  nature. 

The  glutinous  matter  exifted  before  in  the  flour 
in  ^  pulverized  form, .  and  acquires  its  tenacity  by 
Imbibing  a  portion  of  the  fluid,  but  is  totally  info- 
luWc  in  it.     It  has  fcarcely  any  'tafte,  is  elaftic, 
^u6tile,  and  of  a  whidfli  grey  colour.  When  drawn 
out,  it  extends  to  the  length  of  about  twenty  times 
its  diameter  before  it  breaks,  and   appears  as  if 
compofed  of  fibres  placed  bcfide  each  other,  ac- 
cording to  the  direftion  in  which  it  has  been  drawn. 
If  the  force  ce'afes,  it  recovers  its  original  form  *by 
its  elafticity.      When  dry  it  is  -fcmi-tranlparent, 
and  refemWcs  glue  in  its  colour  and  appearance. 
If  it  is  drawn  out  thin  when  firfl:  obtained,  it  may 
be  dried  by  cxpofure  to  the  air,  and  in  that  ftatc 
"has  a  potilhcd  furface,  rcfembling  that  of  animal 
membranes.     If  it  is  expofed  to  warmth  and  moif- 
ture  while  wet,  it  putrefies  like  an  animal  fuWlaqpe, 
If  this  gluten  in  its  dried  ftate  is  placed  on  burn- 
ing coals,  or  held  in  the  flame  of  a  candle,  it  exhi- 
bits the   charafters   of  an   animal  fubftancej   it 
crackles,   fwells   and   burns,  exadly  like  a  fea- 
ther or  piece  of  horn.     By  diftillation  it  affords^ 
like  animal  fubftanccs,  alkaline  water,  concrete  Vo- 
latile 
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lattlc  alkali,  and  an  empyreumatig  pU.  Its  coal  is 
very  difficulty  incinerated,  ^nd  docs  not  afford  fixed 
alkali* 

Fron?  thcfe  k&s  it  follows,  that  tins  fubftancc  is 
totally  different  from  all  the  others  known  to  exift 
in  vegetables,  and  in  many  of  its  charadlers  refcm- 
bles  the  fibrous  part  of  the  blood.  It  is  to  this 
gluten  that  wheat-flour  owes  itsproperty  of  form- 
ing a  very  adhefive  paftc  with  water.  This  gluten 
<|loes  not  appear  to  exift  in  any  confiderable  quan^ 
ticy  in  other  farinaceous  'fubftanecs,  as  rye,,  barley, 
buck-wheat,  rice,  &c.  M.  Berthollet  thinks  that 
this  glutinous  fubftance  contains  phofphoric  ialt, 
like  animal  matters,  arid  that  this  is  the  rcafon  of 
the  difficulty  with  which  it  is  incinerated.  Rouellc 
the  younger  found  a  glutinous  fubftance  in  the 
fecula  of  plants,  analogous  to  that  of  wheat. 

The  powder  which  I  remarked,  as  being  fepa- 
rated  from  the  farina,  and  which,  being  only  fuf- 
pended  and  not  diffolved  in  the  water,  fells  to  the 
bottom  by  reft,  is  the  amylaceous  fecula  or  ftarch, 
which  indeed  compofes  the  greater  part  of  the  flour. 
This  fubftance  is  very  fine  and  foft  to  the  touch  ; 
its  taftc  is  fcarcely  fcnfible.  When  firft  extrafted 
by  the  procefs  which  has  been  defcribed,  its  colour 
is  greyilhj  but  the  ftarch-makers  render  it  ex- 
tremely white,^by  fuffcring  it  to  remain  in'  the  wa- 
ter for  a  time,  after  it  has  become  acid.  / 

Starch  feems  nearly  allied  to  mucilaginous  mat- 
ters, and  is  totally  different  from  the  glurinous  fub- 
ftance laft  defcribed.  Its  habitudes  and  produdts 
with  the  fire,  or  with  iHtrous  icid,  are  nearly  the 
iame  as  thofc  of  gum  and  of  fugar  s  but  it  differs 

from 
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fi^m  tbefc  fubftanccs  in  being  fcarcely>  if  at  all, 
afted  on  by  cold  water,  though  with  hot  water  it 
forms  a  gelatinous  fluid.  It  fcems  to  be  more  re- 
mote from  the  faline  ftate  than  gum,  as  gum  is 
more  remote  from  it  than  fugar.  Starch  burns 
without  emitting  an  empyreufnatic  fmell.  By  diftil- 
lation  with  a  naked  fire,  it  affords  ah  acid  water  of 
a  brown  colour,  and  a  very  thick  oil  towards  the 
end  of  the  procels.  Its  coal  is  eafily  reduced  to 
afhes,  which  contain  fixed  alkali. 

The  fubftance  which  was  mentioned  as  being  dif- 
Iblved  in  the  water  in  which  flour  is  wafhed,  does 
not  eflTcntially  differ  from  other  faccharitie  mucilages. . 
By  evaporating  the  water  in  which  it  is  contained, 
M.  PouUetier  obtained  a  vifcous  glutinous,  (ubftance, 
of  a  brownifh  yellow  colour,  and  flightly  faccharinc 
tafte.  This  fubftance,  called  by  its  difcoverer  the 
mucofo-faccharine  matter,  exhibited  all  the  jAe- 
nomena  of  fugar  in  its  combuftion  and  diflillatiom 
It  is  thiy  which  excites  the  acid  fermentation  in  the 
water  which  floats  above  ftarch  i  for,  as  Macquer 
well  obferves,  the  latter  is  not  at  all  foluble  in  cold 
water.  The  mucofo-faccharine  matter  exifts  in  a 
very  fmall  proportion  in  wheat-flour.  M.  Four- 
croy,  however,  is  of  opinion,  notwithfl:anding  the 
fmall  quantity  of  it,  that  it  is  the  part  principally 
concerned  in  the  fermentation  by  which  bread  is 
leavened. 

With  refpeft  to  what  is  the  nutrimental  part  of 
flour,  all  the  fubflances  intowhich  it  is  refolved,  by 
»wafliing  it  in  water,  feem  well  adapted  to  this  pur- 
pofe  i  but  as  the  amylaceous  matter  is  the  moft 
abundant,  fo  it  is  probably  the  moft  important  in- 
gredient 


grcdient.  Thfe  imyfeccoiis  matter  in  Wheat  is  to 
tfie  glutinous  in  the  proportion  bf  about  three  to 
two. 

Bread  is  the  farina  of  grain,  made  into-  a  pafte 
with  water,  and  baked.'  Unleavened  bread,  or  bif- 
cuit,  keeps  longeft  without  fpoiling,  and  is  there- 
fore ufed  at  fea,  where  baking  would  be  extrem.ely 
inconvenient*  Bread  ufcd  on  fhore  is  in  genc'faf 
leavenctl,  and  for  this  purpofe  a  quantity  of  yeaft  is 
added  to  it,  while  in  the  ftate  of  dough  ;  ih  corife- 
quence  of  this,  and  of  being  kept  ih  a  warm  teiti- 
pcraturej  it  undergoes  fermentation,  attended  with 
the  extrication  of  air,  by  which  the  parricles  are  iTc- 
perated  from  each  other,  and  the  mafs  fwells  and 
'becomes  more  porous.  This  diftenfion  is  ftill  fur- 
ther increafed  by  the  rarefaftion  of  the  air  in  bak- 
ing, and  thus  is  formed  a  fubftance  much  more 
mifcible  with  water  than  dough,  and  upon  this  latter 
property  feems  to  depend  its  greater  wholefomenefs, 
as  being  more  digcftible. 

9.  Colouring  MatTei^s of  ViGEtABLEs.  Ona 
knowledge  of  the  colouring  matters  of  vegetables, 
depends  the  4rt  of  dying,  which  confifts  in  e)ctra(i- 
ing  from  various  fubftanCes  colouling  particles, 
and  applying  them  to  fluffs  and  other  matters  in- 
tended  to  be  dyed,  fo  that  they  ftiall  adhere  as 
firmly  and  durably  as  poflible.  Dyers  enumerate 
five  colours,  which  they  call  primary,  from  the 
mixture  of  which  other  colours  are  produced :  thefe 
arc  blue,  red,  yellow,  nut- colour,  and  black.  Good 
dyes  are  thofe  which  can  refift  the  aclion  of  water, 
air,  and  of  certain  faline  and  fapon^lCeous  liquors. 
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>(rhich  arc  uled  as  the  proofs  of  ^^t  dvirabilicy  of  co- 
lours. Falle  dyes  are  diofe  which  cannot  rcfift  theic 
proofs. 

A  great  number  of  vegeuble  colouring  matters, 
which  are  of  an  extrattive  or  faponaceous  nature, 
are  readily  diflblved  in  water.   The  colouring  prin- 
ciple of  many  other  iubftances  refides  in  a  purely 
refinous  matter,  inibluble  in  water,  and  in  fome  in- 
dances  attached  to  matters  infoluble,  even  in  fpirit 
of  wine  i  but  they  are  all  a£):ed  on  by  alkalies,  which 
convert  them  into  a  kind  of  foaps,  mifcible  with 
water.     The  principal  colours  of  this  nature  arc 
the  annotto,  a  kind  of  fecula,  obtained  by  macera- 
tion of  the  feeds  of  the  urucu  putrefied  in  water, 
and  which  dyes  an  orange  yellow  colour  i  the  flower 
of  cartham'us  or  baftard  fafFron,  which  afFoixis  a 
very  fine  red  j  archil,  which  is  a  pafle  prepared  with 
mofTes,  macerated  in  urine  with  lime,  and  which 
dyes  red.     The  colour  of  indigo  alio  refides  in 
a  refinous  matter. 

Certain  colouring  fubftances  are  foluble  in  oils. 
Alkanct,  or  the  red  root  of  a  kind  of  burglofs,  is  of 
this  kind,  but  cannot  be  ufed  in  dying. 

We  may  cafily  conceive  that  a  coloured  decoc-* 
tion  may  ftain  any  fhifF  which  is  dipped  into  it,  an4 
that  this  colouring  matter  may  be  again  abfbafted 
by  the  application  of  the  fame  mcnftruum  as  it  was 
originally  fufpendcd  in.  But  the  adion  of  thofc 
dyes,  which,  although  once  difTolved  and  fufpended. 
in  water,  cannot  again,  after  they  are  applied  to 
ftuffs,  be  Wafhed  out,  is  not  fo  eafily  underftood 
Thefe  latter,  or  durable  dyes,  alone  defcrve  atten- 
tion.   Dyes  of  diffeitnt  colours  require  different 

treatment. 
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treatment.  Stuffs  to  be  dyed  of  a  red  or  yellow 
colour  muft  be  boiled  in  water,  with  alum  or  fixed 
alkali,  before  they  are  dipped  into  the  dying  de-- 
co&ions :  the  red  colouring  materials  are  kermes^ 
cochineal,  gum-lac,  and  madder ;  the  yellow  ma- 
terials are  luteola  or  dyers  weed,  and  other  yellow 
flowers.  The  ftuffs  for  blue  dyes  require  no  pre- 
vious preparation.  Theie  blue  dyes  are  made  vf 
indigo,  or  the  blue  fecula  obtained  from  woad,  dif- 
folved  in  a  lixivium  of  fixed  alkali,  or  in  urine,  with 
or  without  the  addition  of  fome  green  vitriol.  The 
ftuffs  intended  to  receive  a  root  colour,  requi^e  no 
previous  preparation,  but  to  be  (baked  in  warm  wa- 
ter. Thefe  dyes  are  chiefly  decodbions  of  walnut- 
Ihells,  walnut-roots,  alder-bark,  fumach,  and  faun- 
ders.  Thefe  root  colours,  i^^hich  are  all  yellow, 
ferve  to  form  a  very  good  ground,  on  which  other 
more  brilliant  colours  may  be  applied,  and  to  them 
no  faline  or  other  matter  is  added.  The  black 
dyes,  which  are  inks  or  decodions  of  galls,  mixed 
with  green  vitriol,  require  no  previous  preparation 
oftheftuff. 

It  is  obfervable  that  wool  tSikes  the  dye  better 
than  filk,  filk  than  cotton,  and  cotton  than  flax. 
Writers  on  the  art  of  dying  hold  different  opinions 
refpefbing  the  manner  in  which  colouring  particles 
^apply  themfclves  to  the  fubftances  expofed  to  their 
contaA«  Many  have  fuppofed  that  this  application 
takes  place  only  in  proportion  to  the  number  and 
magnitude  of  the  pores  in  the  various  fubftances. 
Macquer,  who  has  paid  great  attention  to  this  fub- 
jeS,  fuppofes  that  the  greater  or  lefs  facility  with 
which  the  colour  is  applied,  depends  on  the  re- 

F  e  ^ftivc 


6$  theory  of  Dying.        [BookVIlL 

fpcdive  nature  of  the  colouring  ]>artSy  and  the  lub- 
fiances  propofed  to  be  dyed  :  and  that  dying  b  truly 
an  external  tinge  or  paintings  which  fucceeds  and 
lafts  by  virtue  of  an  affinity  and  intimate  union 
between  the  colour  and  the  dyed  fubftance.  This 
ftrrves  to  explain  the  ufe  of  the  matters,  which  it  is 
on  many  occafions  neccflafy  chat  the  Ihiflfs  ihould 
irnbibe,  previous  to  immerfing  them  in  the  dying 
fubftance.  The  fame  thing  may  be  illuftrated  by 
confidering  the  procefs  employed  in  the  preparation 
of  certain  colours  called  bkes.  Vegetable  colour- 
ing matters'  are  difiblvcd,  and  then  precipitated  by 
the  addition  of  fomc  other  fubftance.  Thus,  for  ex- 
ample, if  madder  is  boiled  in  water,  together  with 
an  alkali,  and  alum  is  then  added,  the  earth  of  the 
alum  will  be  precipitated,  together  widi  the  co- 
louring matter,  with  which  it  will  form  an  infolu* 
blc  pigment.  A  double  decompofition  here  takes 
place,  the  vitriolic  acid  quits  the  earth  of  aluoi  to 
unite  with  the  fixed  alkali,  and  the  vegetable  matter 
unites  icfelf  with  the  earth. 


Chap* 
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Chap.     VI. 


F,  ERMENTATIOW. 


fbrfe  Kinds  of  Ftrm&ntation,'^Tht  'vinous  or  fpirituous. ^-Spirit 
of  Wint  or  Alcohol. '^Ether,'-^ Acetous  Ferment atiotu^  Putrid 
Fermentation,^*^hjemjstiions  on  PutrefaBion  in  gtnercd. 


HAVING  confidcrcd  the  ftrufture  and  compo- 
fition  of  vegetable  fubftances,  it  becomes 
necefiary  to  direft  our  attention  to  certain  fponta- 
neous  changes  which  they  undergo,  when  deprived 
of  the  vital  principle.  Thefe  changes  are  called 
fermentations,  which  are  three  in  number,  and  arc 
-termed,  from  their  products,  the  vinous  or  fpirituous, 
the  acetous,  and  the  putrid.  The  circumftances 
univerfally  necefiary  to  fermentation  are  moifture, 
a  certain  degree  of  heat,  and  the  contaft  of  air. 
The  three  kinds  of  fermentation  are  fometimes 
confidered  as  different  ftages  of  one  procefs ;  Ihis, 
however,  is  an  improper  view  of  the  fubjeft,  as 
each  kind  of  fermentation  is  a  peculiar  procefs,  and 
totally  difTepent  from  every  other.  Some  bodies 
become  acid  without  having  undergone  tlie  fpiiir 
tilCKis .  fermentation,  and  others  putrify  without. 
F  3  ihcwing 
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Ihewing  any  dilpolicion  to  aflume  either  that  or  die 
acetous  ftate. 

The  conditions  neceflary  for  the  produftion  oT 
the  Vinous  or  fpirituous  fermentation  are— i.  A 
degree  of  fluidity  flighdy  vifcid. — 2.  The  prcfence 
of  faccharine  mucilage.  It  is  found  that  the  fer- 
mentable juices  of  fruits,  boiled  oil  they  become 
thick,  arc  indifpofed  to  ferment,  and  this  not  only 
in  their  infpifiated  ftate,  but  when  diluted  again 
with  water :  for  this  reafon  it  is,  that  in  the  making 
of  fugar  nothing  is  of  more  importance  than  the  juice 
of  the  cane  being  fubmiued  co  boiling  immediately 
on  being  exprefTed.  .  Prcferves,  and  other  mixtures 
prone  to  fermentation,  are  prevented  from  that  pro- 
ceis  by  the  fame  method.'— 3.  A  proper  temperature^ 
which  varies  from  forty -eight  to  eighty  of  Fahren* 
heit's  thermometer.  If  below  this,  the  fermenutioa 
is  languid;  if  above  it,  it  is  impetuous,  and  is  apt  to 
rufb  iiito  the  acetous  ftate  even  before  the  vinous. 
•—4.  The  addition  of  a  quandty  of  the  fubftance 
called  yeaft,  which  is  itfelf  the  produft  of  the  vinous 
fermentation,  is  of  great  alCftance  in  excidng  it.  By 
what  power  yeaft  a£fcs  in  producing  the  vinous  fer- 
tnentadon,  has  been  much  difputed.  Mr.  Henry 
thinks  that  yeaft  is  no  other  than  fixed  air  already 
formed,  but  enveloped  or  entangled  in  the  mucila- 
ginous matter  of  the  liquor  from  which  it  was  ot>- 
tained ;  and  d)e  fame  ingenious  experimentalift  was 
itble  to  bring  on  the  vinous  fermenudon,  by  adding 
f9  common  wort  a  quantity  of  fixed  air  in  the  elaftic 
iform.  Tpaccoutat.fpr  this^  it  is  not  difficult  to 
3?  I^ppofe 
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fuppofe  that  fixed  air  has  an  attraftion  for  its  own 
^ronllitncnt  principleSj  when  placed  in  favourable  cir- 
cumilances  to  aft  upon  them ;  and  that  it  will  thus 
occafion  the  (eparation  of  fixed  air  from  the  fer- 
mentable liquor^  which  is  fo  remarkable  during 
fermentation. 

The  phenomena  which  prefent  themfelves  in  a  li- 
quor during  the  fpirituous  fermentation  are— Firft,  ^ 
A  muddinefs,  from  the  fepararion  of  an  aerial  matter, 
which  rifes  in  bubbles  to  the  top  in  fuch  quantity, 
and  in  fuch  quick  fucceflion,  as  to  produce  a  hifling' 
noife,  and  form  a  froth.  Thcfe  minute  globules  of 
air  occafion  the  motion  of  the  parQcles  of  the  fluid 
among  one  another  i  and  this  motion  is  perceptible, 
even  before  the  air  is  vifibly  ieparated.  The  glo- 
bules of  air  attach  themfelves  to  the  particles  of  the 
mixture,  and  buoy  them  up  $  at  length  the  globule 
is  detached^  and  the  atom  links  by  its  own  weight. 
The  nature  of  the  air  which  is  difengaged  was  not 
underftood  till  the  modem  experiments  on  aeriforin 
fluids  afforded  fo  much  alfilfauice  to  chemical  fci«- 
ence.  It  is  now  afcertained  to  be  the  carbonic  acid 
gas,,  or  fixed  air,  which,  being  heavier  than  atmo* 
fpheric  air,  forms  a  ftratum  in  the  upper  part  of 
the  veflel  in  which  the  fluid  is  fermenting,  where  it 
may  be  perceived  from  its  greater  denfity,  Thi$ 
air,  contiiined  in  the  fermenting  vats  of  brew- 
houfes,  frequently  produces  the  mod:  fatal  eSefts 
on  the  workmen ;  and  a  candle^  di|^)ed  into  it  is  as 
certainly  ektingulflied  as  if  plunged^  iilto  witer. 
During  thedjine  that,  the  fermentation  is  going  on, 

F4  the 
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the  bulk  of  the  liquid  is  augmented.  Another  phe- 
nomenon is  the  produftion  of  a  gentle  heat,  equal 
to  about  feventy-two  degrees  of  Fahrenheit's  ther- 
mometer. After  fome  days,  the  number  of  which 
varies  according  to  the  dilucion  of  the  fubftance  and 
the  degree  of  heat,  the  motion  in  the  fluid  di- 
niinilhes,  the  warmth  abates,  and  the  emiflion  of 
air  is  leflencdi  the  liquor  becomes  clear,  and  the, 
fcum,  which  confifts.  of  the  more  folid  particles  and 
air,  becomes  heavier  ip  proportion  as  the  air  eC- 
?apes,  and  at  laft  finks.  The  liquor  has  now  under- 
gone a  great  change » it  has  acquired  a  pungent  and 
pleaiant  tafte  and  fmell,  and  an  inebriating  quality^ 
and  has  loft  its  fweetnefs.  If  fh^  liquor  is  now  dif- 
tilled,  inftead  of  an  infipid  .matter,  we  obtain  an 
vdent  fpirit,  and  a  four,  grofs  fluid  r^n^ains  be- 

By 

•  yht  phenomena  of  fcnnent?itton  have  long  been  known  ; 
but  it  remained  for  Lavoifier  to  a(ceriain  with  accuracy  what 
happens  in  that  procefs.  I  (hall  therefore  extract  his  experi- 
iDcnts  and  conclufionsy  as  ilated  by  himfelf,  in  his  Elements  of 
Cheniftry, 

Table  I.     Mater  i<ifs  of  Ferment  at  iof^ 

Wntcr               •                 ,    •  ,  400  000 

3ugar                -                  -  •  IOC  o    o    6 

Yj^  in  pdle»  10  bbs.  f  Water        r  7  3    ^  44 

.    ^inp9fe4  of         (Dryy^ft  -  2  \i    i  zi 

Total.'  ..     sib-  000 

Tabw 
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By  the  experiments  of  Lavoi£er,1t  appears  that 
ardent  fpirit  (alcohol)  or  the  ptoduft  of  the  vi- 
nous 


Table  IL     Conftituent  Elemns  0/  the  Materials  of 
Firmentathn. 


.407  lihs.  3  oscGgros  \\grs,  t  Hydrogen 
of  wacer>compoledof  (  Oxygen 

^  f  Hydrogen 

100  lihs.  fugar^compoTedof  <  Oxygen 
^  Charcoal 

{Hydrogen 
Oxygen 
Charcoal 
Azote 

Total  weight    -     510    o    o    o 

Table  HI.     Recafitulatitn  of  thefe  Elements. 

'  libs.   9sc»  gros  grs. 
^  r  of  the  water  340    000        ^ 
g  1  of  the  water  I  lihs.  w.  gros    grs, 

g^-^      intheyeafl      623     44.60  V411   la    6     1,36 

g  I  of  the  fugar       64    o     q     o  I 

^  l^ofthedryyeaft     I   10     2     28.76  J 


lihs. 

ox. 

gros     grs. 

61 

346 

I 

2 

2  71.AO 

3  44-60 

8 

0 

0    0 

64 

0. 

6    0 

28 

0 

0    0 

0 

4 

5    9-30 

I 

10 

2  28.76 

0 

12 

4  59 

0 

0 

5  «-94 

69    6    o    8.70 


^  Tof  the  water    60    o    o    o         "j 

JJj  1  of  the  water  I 

S<  intheyeaft  1  i  2  71.40  I 
"SL  I  of  the  fagar        8000  I 

S  C.ofthedryyeaft    q    4     5     9.30  J 

a  73  jof  the  fugv  '  ?8     o    o    o        7    -o  , 

^  8  |of  the  yetft      0124    59.00 J  ^*  '\  4    S9-oo 

A?Kote  of  the  yeaft  .«  -  005     2.94 

Jn  all    -    5J0    000      - 
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nous  fermentation,  conlifts  of  the  fame  principles 
as  iugar,  except  that  they  are  combined  in  dif- 
ferent proportions.  Ardent  fptrit  contains  marc 
hydrogen,  and  lefs  carbon  and  oxygen;  which 
lauer  principles  compofe  the  carbonic  add  gas 
which  efcapes  during  the  ipirituous  fermentadon. 
M.  Lavoificr  found  that  when  ardent  fpriric  is 
burned  in  a  chimney  adapted  to  receive  the   va- 

pours> 

«  Having  thus  accurately  determined  the  nature  and  qoan* 
tity  of  the  oottftitnent  elements  of  the  materials  fabmiued  co 
fermenution*  we  have  (adds  KL  L.)  next  to  examine  the  pro- 
da£U  refulting  from  that  proccfs.  For  this  parpofe,  I  placed 
the  above  5 1  o  A'^i.  of  fermentable  liquor  in  a  proper  apparatus, 
hy  nieans  of  which  I  could  accurately  determine  the  quantity 
and  quality  of  gas  difengaged  during  the  fermentation,  and 
could  even  weigh  every  one  of  the  produds  feparately,  at  any 
period  of  the  proceft  I  judged  proper.  An  hour  or  two  after 
the  fubftances  are  mixed  together,  efpecially  if  they  are  kept 
in  a  temperature  of  from  15®  {6^.7$*)  to  lS^  (72-$^)  of  the 
thermometer,  the  firft  marks  of  fermentation  commence ;  the 
liquor  turns  thick  and  frothy,  little  globules  of  air  are  difen- 
gaged, which  rife  and  burft  at  the  furface ;  the  quantity  of  thefe 
globuks  quickly  increafes,  and  there  is  a  rapid  and  abundant 
prodn6tion  of  very  pure  carbonic  acid,  accompanied  with  a 
fcnm,  which  is  tke  yeaft  feparating  from  the  mixture.  A](ter 
fome  days,  lefst>r  more,  accbrding  to  the  degree  of  heat,  the 
snteftine  motion  and  diiengagemeut  of  gas  diminiih ;  but 
thefe  do  nor  ceafe' entirely,  not  is  the  fermentation  completed 
|br  a  confiderable  tlMe.  During  the  procefs,  55  Hit,  5  ez. 
^gr9s.  19  grs.  of  dry  G^irbonic  acid  are  difengaged,  which 
^arry  along  with  them  13  lils,  14  mb.  5  gns  of  water.  There 
remains  in  the  veflel  4(0  libs,  i  i>m.  6  gr^s.  53  grs.  of  viribus 
liquoTf  (lightly  acidulous.  This  is  at  firft  muddy,  but  dean 
of  itfelf,  and  depofits^  a  portion  of  yeaft.  When  we  feparately 
^nal^firaUiheib  fuhfts^n^cfi  ^ch  is  ^ffe6lcd  by  very  troable- 
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poursj  a  larger  quantity  of  water  is  formed  than 
the  whole  of  the  fpirit  employed  amounts  to  5 
w|icnce  it  follows,  that  ardent  fpirit  contains  a  large 
proportion  of  hydrogen,  which  forms  water,  by 
combining  with  the  vital  air  of  the  atmoiphere 

during 

tome  procefles,  we  have  the  refixlts  as  given  in  the  foUomn^ 
ubles. 


'Tablb  IV.    Produas  ^  Firmnaaium. 


ofl 


^/.     of    carbonic 
'  siQid,  compofed 

408  Ii6s,  15  ««.  5  groj, 
compofed  of 


Oxygen 
Charcoal 


as    7    I  Jt 
9  14    %  sr 


.4^^of>«e;:|g5^^„- 


-    347  10    c  59 
5    4  *7 


IOx/gen»  combined 
with  hydrogen   - 
Hydrogen,  combin- 
ed  With  oxygen 
Hydrogen,  combb. 
ed  with  charcoal 
Charcoal,  combined 
with  hydrogen    « 

2  Uhs.  8  m;.  of  dry  f  Hydrogen 
acetous  acid,  com-  <  Oxygen        m 
pofedof  (.Charcoal    -  r 


4  His,  loz.  ±  grosA 
grs,  of  refiduum 
fttgar,  compofed 


«»mpofcdof  ^A,o» 


^1 

ri 

4: 


Hydrogen 

Oxygen 

Charcoal 


X 


ff    6    f  64. 

5    «    S    J 

4    P    S    o 

16  II    5  ** 

-      -       0240 

I  II    4    ^ 

r        o  10    o    o 

-  o    5    I  6y 
*    9    7  »7 

•     *       »    »    >  53 

c    f    t  41 

-  O  I|     I   14 

o    6    a.  50 
o    p    2  37 

Total  .540    boo 
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during  coimbuftion.     That  it  alfo  contains  a  pro- 
poition  of  carbon,  has  been  provG<l  by  M.  Ber- 

'     thoilet^ 

Tab  LB  V.     Retapitutation  of  the  ProduSi. 

Uhs,  oz.  gros  gru 

pVatcr          -         •-  347  lo*  o  59 

_ ,                           I  Carbonic  acid       -  25     7  i   54 

^9/?^/.  io<«.  o^w.j  Alkohol       .          .  31     6  I   6+ 

54^ri.  of  oxygenX  Acetous  acid          .  i  u  4     o 

contauicd  in  the      f  Refiduum  of  fugar  2     9  7  27 

LYealt        -           -  o  13  1   14 

rCarfaomcacid        -  9  14  z  57 

2^  liis.   12  9%.  5  gros\  }  Alkohol          -        •  16   li  5   63 

59  ^r/. of  charcoal^  Acetous  acid          -  o  10  o     o 

contained  in  the       |  Refiduum  of  fugar  i     %  1   ^j 

LVeafl        -            -p-  o    6  »  30 

["Water         -          -  61     5     4  27 

I  Water  of  the  alkohol  5853 
7  J  lihs.  ^csz.  ^grouSb  l  Combined  with    the 

grs,  of  liydrogenX     charcoal  oFthe  a! ko.  4050 

cgm^ined  in  the         ."Acetous  acid  .       *  q     ^     4     o 

Refiduiun  of  fugar  o     5     t  67 

^Yealt        -     ,        .  o     2     2  41 

?  ^»'w.  37  p-s.  of  azote  irr  the  yeaft   -  00257 


^\o  lits.  Total    510    o     o    9 

•  In  tbcfff  refults,  I  have  been  exaft,  even  to  grains  ;  not 
that  it  is  poffiblc,  in  experiments  of  this  nature,  to  carry  our 
accui^cy'fo  far;  but  as  tjic  experimenrs  were  made  only^ with 
a  few  pounds  of  fugar,  aad  as,  fox  the  fake  of  comparifon,  I 
reduced  the  refults  of  the  adual  experiments- to  the  quintal  or 
imaginary  hundred  pounds ;  I  thought  it  neceiiary  to  leaiie 
the  fradiona!  parts  precrfely  as  produced  by  calculation, 

*  When  we  conjder  jhe  rcfuUs  prcilentcd   by  thcfc  tablet 
with  attention,  it  is  cafy  to  difcover  exactly  what  occiip»- 
during  fermentation,  ^n  the  firft  place,  out  of  the  lOf^JSJ^" 
of  fugar  employed,  4  UBs.  i  c».  4  gros,  3  ^r/,  remain,  without 

haviBj 
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thoUct,  who. found  that  whca  a  miyfure  of  ardent 
ipirit  and  water  is  burned^  the  relidual  fluid  pijc*. 
cipitatcs  lime-water,  which  haiift  proceed  froni  ifx 
.containing  fonic  carbonic  acid.  Spirit  of  wiac 
afiumcs  the  form  of  an  elaftic  fluid  at  the  tempera* 
turc  of  185  degrees. 

hanng  fufFered  deeompofition  \  fo  th<it)  in  reality>  wc  hare  onl^ 
operated  upon  95  libs.  1 4  ox.  3  gros,  Q9  grs,  of  fugar ;  that  is  k» 
fay,  upon  61  Uhs.  6  ox,,  45  grs,  of  oxygen,  7  libs,  \oox,6  gmu 
6grs.  of  hydrogen,  znd.  16  Ijbs.  13  02.  5  ^ros,  l^grs,  of  char- 
coal, i^y  comparing  thefe  quantities,  we  find  that  they  are 
/ully  fulHciest  £i>r  forming  the  whole  of  the  akohol,  carbonic 
acid,  and  acetous  acid  produced  by  the  fermentation.  Ic  im 
not,  therefore,  ncccflary  to  fuppofe  that  any  water  has  bcea 
dccompofed  during  the  experiment,  unlcfs  it  is  pretended 
that  the  oxygen  and  hydrogen  exift  in  the  fugar  in  that  ilatc. 
On  the  contrary,  I  have  already  made  it  evident  that  hydro- 
gen, oxygci^  and  clmrcoah  the  three  con Aituent  elements  of 
vegetables,  remain  in  a  ilate  of  equilibrium  or  mutual  unioa 
-%!  ith  each  other,  which  fubfills  fo  long  as  this  union  remains 
isndifhirbed  by  increafed  temperature,  or  by  fome  new  com- 
pound attradtion;  and  chat  then  only  thefe  elements  combine, 
two  and  two  together,  to  form  water  and  carbonic  acid. 

'  The  effedls  of  the  vinous  fermentation  upon  fugar  arc  thus 
reduced  to  the  mere  feparation  of  its  elements  into  two  por- 
tions ;  one  part  is  oxygenated  at  the  expence  of  the  other,  fo 
.  as  to  form  carbonic  acid,  whilft  the  other  part,  being  diibxy- 
genated  in  fovour  of  the  former,  is  converted  into  the  combuf- 
tible  fubftance  alcohol;  therefore,  if  it  was  poflible  to  re-unite 
alcohol  and  carbonic  acid  together,  we  ought  to  form  fugar. 
It  is  evident  that  the  charcoal  and  hydrogen  in  the  alcohol 
do  not  exift  in  the  flate  of  oil,  they  are  combined  with  a  por- 
tion, of  oxygen,  which  renders  them  mifcible  with  water; 
wherefore  thefe  three  fubftanc^s,  oxygen,  hydrogen,  and 
charcoal,  exifl  here  likewife,  in  a  fpecies  of  eqtulibrium  or 
^ciprocal  combination  ;  and  in  fadl,  when  they  are  made  to 
pafs  throiig4i/a  red  liot  tube  of  glafs  or*porcelaif),  this  union 
fr  ei|uiliMum  is  dellroyed,  the  elements  become  combined 
two  and  two,  and  water  and  carbonic  acid  are  formed. 

i  Spirit 
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Spirit  of  wttie  and  the  acids  aft  with  confidera- 
blc  violence  on  each  other.     When  ftrong  vitriolic 
acid  is  poured  on  an  equal  quantity  of  redified  fpi- 
ric  of  wine,  a  ftrong  heat,  with  a  remarkable  hiding 
nolle,  arc  excited  j  the  two  (libftances  become  co- 
loured, and  emit  a  fweet  fmell,  refembling  that  of 
lemons^  or  the  apple  called  golden  rennet.    If  the 
mixture  is  made  in  a  retort,  and  then  fubmitted  to 
diftillation  in  the  well-regulated  heat  of  a  fand  bath» 
a  large  receiver,  kept  cool  by  the  application  of 
moiilened  cloths,  being  adapted,  the  volatile  pro- 
du6ts  nnay  be  condenfed.     Thefe  are :  i.  Spirit  of 
wine  of  a  fweet  fmcU.     2.  A  fluid  called  ether ^  ex- 
tremely volatile,  and  alfo  of  a  pleafant  odour  i  this 
comes  over  as  foon  as  the  fluid  in  the  retort  begins 
to  boil,  and  the  upper  part  of  the  receiver  is  at 
the  fame  rime  covered  with  large  diftindt  ftreams 
of  the  fluid,  which  run  down  its  fides.    j.-A  light 
yellow  oil,  called  fweet  oil  of  wine;  and  4,  aful- 
phureous  Ipirit  pafles  over,  the  white  colour  and 
fmell  of  which  indicate  the  proper  time  for  changing 
die,  receiver,  in  order  to  have  the  ether  fcparace^ 
and  this  is  fucceeded  by  black  and  foul  vitriolic  acid. 

Ether  is  a  fluid  of  a  peculiar  nature.  It  is  the 
iighteft  and  mofl:  volatile  of  all  unelaftic  fluids,  and 
its  tendency  to  aflume  the  elaftic  form  is  fo  flrong, 
that  it  is  quickly  di/Tipated  in  the  ordinary  heat  of 
the  atmofphere,  unlefs  confined.  It  is  highly  in- 
flammable, fo  that  it  is  dangerous  to  bring  a  candle 
near  any  confiderable  quantity  of  it,  the  vapour 
taking  fire,  and  communicating  the  inflammation  to 
the  whole  volume.    1  he  acids  with  which  ipirit  of 

wine 
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witie  is  diftilledy  in  order  to  obtain  jeAtr^  ieem  to 
tffcGt  this  principally  by  robbing  the  Ipirit  of  part  ^ 
of  its  carbon^  which  latter  fubftance  occafions  the 
dark  colour  in  the  mixture^  by  deconnpoling  the 
acid.  A  fmall  part  of  the  acid  adheres  to  the  ether 
in  its  afcent^  and  this  conftitutes  the  difierencei 
which  exift  among  the  ethers^  according  to  the  acid 
by  which  they  were  produced. 

The  AcBTOus  Fermentation  is  ftill  more  (im« 
pie  than  the  fpiricuous>  and  confifts  merely  in  the 
abibrpdon  of  the  vital  or  oxygenous  part  of  the  at- 
mofphere>  by  which  vinous  fluids  are  converted 
into  vinegar ;  whence  it  appears-  that  it  is  the  pro- 
portion of  oxygen  alone  which  conftitutes  the  vaft 
difference  which  exifts  between  ardent  ipirit  and 
vinegar.  That  wbe  is  converted  into  vinegar,  by 
the  addidon  of  oxygen^  is  proved^  as  well  from  the 
^  general  analogy  of  the  formation  oTother  acids,  as 
by  the  following  dired  experiments.  In  the  firli: 
place^  we  cannot  change  wine  into  vinegar,  withotic 
expofingthe  former  to  thecontafb  of  air  containing 
oxygen,  or  employing  fome  other  mode  of  ox^;e- 
nadon ;  lecondiy,  this  procefs  is  accompanied  by  a 
diminution  of  the  volume  of  the  air  in  ijirhich  it  is 
carried  on,  from  the  abforption  of  oxygen ;  and 
thirdly,  wine,  by  being  converted  into  vinegar,  is 
increaied  in  weight. 

The  Putrid  Fermentation  is  tfaedeftruftioa 
of  the  equilibrium  which  holds  the  conftituentprin- 
dples  of  bodies  in  a  ftate  of  combinadon.  Thus 
a  vegetable  fubftance,  v/hlch  when  entire  confifts  of 
a  triple  combination  of  hydrogen,  oxygen,  and 
carbon^  is  refolved  by  puucfaftion  into  hydrogen 
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g^-  and  carbonic  acid  gas,  which  confifts  of  oxy« 
gen  and  carbon*  As  diere  is  not  enough  of  oxygen 
CD  convert  all  the  carbon  into  carbonic  acid  gas^ 
a  quandty  of  the  charcoal  remains  behind>  mixed 
widi  the  earthy  and  faline  matter  contained  in  the 
▼egetable.  Thus  putrefaction  in  a  vegetable  fub- 
fiance,  is  nothing  more  than  a  complete  analf  fis  of 
it,  in  which  the  conftituent  elements  art  difengaged 
in  the  form  of  gas,  except  the  earth,  and  a  quantity 
of  charcoal  which  remains  in  the  ftate  of  mould. 

Such  is  the  refult  of  putrefa£Uon  when  the  fub^ 
ftances  fubmitted  to  it  contain  only  oxygen,  hy- 
drogen, charcoal,  and  a  little  earth.  But  this  cafe 
is  rare ;  and  thefe  fubftances  putrefy  imperfccUy, 
and  with  difficulty.  It  is  otherwife  with  fubftances 
containing  azote,  which  indeed  exifts  in  all  animal 
matters,  and  in  a  confiderable  number  of  vegetables. 
The  putrid  fermentation  of  animal  fubftances  is 
commonly  called  putre&Aion,  and  this  is  well 
known  to  take  place*  in  them,  after  they  are  de- 
prived of  life.  The  circumftanccs  which  fevour 
putrefaclibion  are  the  fame  as  thofe  which  promote 
the  fpirituous  and  acetous  fermencations,  viz.  hu- 
midity, the  admiflion  of  air,  and  a  due  degree  of 
heat.  Heat  to  a  certain  degree  promote^  putre&c- 
tion,  yet  ao'  above  that,  of  the  human  blood  fecms 
to  prevent  it.  A  fmall  piece  qf  fiOi  which  was  lu- 
minous, and  confcquently  putrid,  was  put  irito  a  riiin 
glafs  ball,  and  water  of  the  heat  of  1 1 S''  cxtinguifhed 
its  light,,  and  confcquently  flopped  its  tendency  to 
putrefaction,  in  lefs  th&n  half  a  minute ;  on  taking 
it  out  of  the  water,  it  began  to  recover  its  light  in 

about 
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in  about  ten  leconds,  but  was  never  fb  bright  as 
before  *.         . 

Azote>  which  abounds  fo  much  in  animal  fub- 
ftancesi  not  only  occafions  a  more  rapid  putrefec- 
tion,  but  renders  its  produds  confiderably  different 
from  thofe  afforded  by  the  decay  of  fuch  vegeta- 
bles as  do  not  contain  azote.  In  the  putrefadion 
of  animal  matters,  the  hydrogen,  inftead  of  ef- 
caping  in  a  feparate  ftate,  combines  with  the  azote, 
and  forms  volatile  alkali.  The  hydrogen  gas  alfo 
dilTolvcs  a  part  of  the  carbon,  the  fulphur,  and  the 
phofphorus,  all  which  fubftances  enter  into  the 
compofition  o(  animal  matter;  with  thefe,  it 
forms  compound  aerifortn  fluids,  which  have  ob- 
tamed  the  following  names,  carbonated  hydrogen 
gas,  fulphgrated  hydrogen  gas,  and  phofphorated 
hydrogen  gas.  The  two  latter  of  thefe  gaffes  have 
a  peculiar,  difagreeable  odour,  and,  together  with 
the  volatile  alkali,  occafion  the  penetrating  and 
offenfive  exhalations  which  proceed  from,  putrid 
matters.  Sometimes  volatile  alkali  predominates, 
whjch  affefts  the  eyes  j  fometimes,  as  in  feculent 
matters,  the  fulphuratal  gas  is  moft  prevalent; 
and  fometimes,. as  in  putrid  herrings,  the  phof- 
phorated hydrogen  gas  is  mod  abundant.  Carbo- 
nic acid  gas  is  alfo  difengaged.  It  appears  highly 
probable,  that  water,  which  is  fo  neceflary  to  putre- 
faftion,  is  decompofcd  during  that  procefs,  and  that 
its  component  principles,  oxygen  and  hydrogen, 
contribute  to  the  great  quantity  of  gaffes  which 
are  produced.     Oxygen  fcems  alfo  to  be  abforbcd 

•  Prieftley's  Hill,  of  Qptks,  p.  579. 
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from  the  atmofphere,  fince  putrefadlion  is  expe- 
dited by  vital  air. 

M*  Fourcroy  and  M.  Thouret  have .  obferved 
fome  ^peculiar  phenomena  in  dead  bodies,  buried  at 
a  certain  depth,  and  preferved  to  a  certain  degree 
frotn  c'ontaft  of  air ;  havii;ig  found  the  mufcular 
ftefh  converted  into  true  animal  fat.  This  muft 
have  arifen  from  the  difengagement  of  the  azote  by 
fome  unknown  caufe,  leaving  only  the  hydrogen 
and  charcoal  remaining,  which  are  the  elements 
of  fat  or  oil.  This  obfervation,  M.  Lavoifier  re- 
marks, may  at  fome  future  peri<^  lead  to  difco- 
veries  of  great  importance  to  fociety,  by  enabling 
the  chemift  to  convert  into  oil  flibftances  which 
corifift  of  nearly  the  fame  principles,  but  which  arc 
at  prefent  of  no  value. 

The  decompofition  of  vegetable  matters  by  fire, 
was  noticed,  in  treating  of  inflammable  fubftances, 
in  the  chapter  on  carbon  or  the  carbonaceous  prin- 
ciple; and  the  mode  of  extrafling  from  the  afties 
of  certain  plants  that  ufeful  fubflancc  the  fixed 
alkali,  has  been  alfo  defcribcd. 

There  is  perhaps  no  proccfs  of  nature  better 
'  underftood  than  that  of  fermentation,  and  yet  there 
is  not  any  more  calculated  to  excite  our  aftonifli- 
ment;  there  is  not  any  inftance  within  my  recol- 
leftion  fo  ftriking,  of  the  furprizirig  change  which 
combination  produces  in  bodies;  and  it  k  the 
more  wonderful,  when  we  confider,  that  different 
proportions  of  the  feme  ingredients  produce  fluids 
eflTentially  diftindt  in  all  their  leading  charadlers. 
He  chat  "  made  a  weight  for  the  winds,  and 
weigheth  the  waters  by  meafure  ;"  how  exccllendy 
has  he  ordered  all  things  for  the  benefit  of  his  crea- 

tores  I 
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tures!  "  The  undevout  aftronomer  is  mad/*  is 
the  ftrong  exprcflion  of  a  fubiime  writer ;  yct>  if 
the  wildom  and  providcoce  of  God  is  evident  in 
thofc  immcnfe  bodies,  of  the  ftruftiire  of  which  we 
are  in  a  great  meafure  ignorant,  furely  it  is  mnch 
more  To  in  thcfe  minute  operations,  Which  are  the 
immediate  objefts  of  our  fenfes,  where  every  thing 
is  plainly  the  etFedl  of  inttfUigcnce  and  defign;  and> 
however  ignorant  and  fuperficial  obfervers  may 
wander  from  the  path  of  truth,  the  naj:uralift  at 
lead  can  never  be  an  a-heift. 
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Book    IX, 
OF    ANIMALS. 


C  H  A  P,       I. 

•   OF   ANIMAL   MATTER   IN    GENERAL. 

General  Remarks  pn  organized  Bodies. '■^'BrtduSis from  the DiftiU 
lotion  of  Animal Maiter-^^EUmemtary  Principles  tubicb  enitr 
into  the  Compofition  of  Animal  Mattirj^^Anitnal  Acids^^^Diffcr- 
ent  Forms  of  Animal  Matter,'^'} elly.^Glue.'^Lymph.^^Fwr' 
ther  Froduas.-^F at. '^Fibrous  Parts. 

IN  treating  of  organized  bodies,  as  introdyftory 
to  an  account  of  the  vegetable  fyftcm,  fome 
obfervations  were  made,  which  are  alio  in  a  great 
meafure  applicable  to  animal  nature.  The  elemen- 
tary principles,  however,  which  enter  into  the  com- 
pofition  of  animal  bodies  are  more  numerous  than 
thofc  which  are  found  in  vegetable  matter;  and  at 
the  fame  time  the  ftrufturc  of  animals  is  much 
more  complex  than  that  of  plants.  In  both,  the 
growth  and  increafe  is  provided  for  by  a  curious 
kind  of  chemical  apparatus,  adapted  for  cfFefting 
thofe  wonderful  changes,  diffolutions,  and  combi- 
nations of  matter,  which  are  effcntial  to  their  rc- 
fpeftive  natures.  All,  however,  that  we  have  been 
able  to  difcovcr  in  vegetables,  is  fome  traces  of  a 
vafcular  fyftem ;  whereas,  in  animal  nature,  there 
is  not  only  a  moft  elaborate  fyftem  of  veffels,  but 

mean» 
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means  provided  iar  the  augipentation  of  the  tem^ 
perature,  and  for  the  fulfilling  of  thofe  func- 
tions which  belong  to  a  creature,  endued  with  a 
power  of  voluntary  motion,  and  of  thought. 

To  defcribe  with  accuracy  the  fpecific  charadcr- 
iftics  of  different  animals,  to  enter  into  the  detail 
of  what  is  called  comparadve  anatomy,  would 
employ  an  immenie  and  elaborate  treatife ;  and  in- 
deed to  acquire  the  ncceflary  knowledge  for  fuch 
an  undertaking  would  occupy  a  long  life.  As  the 
objcft,  however,  of  the  prefent  work  is  to  give  a 
general  view  of  nature,  rather  than  to  enter  into 
that  minutenels  of  difquifition  which  is  cfiiefly 
neceflary  for  technical  purpofes,  or  for  thofe  in- 
quirers whqfe  leifure  and  patience  far  exceed  thofe 
of  the  majority  of  mankind,  it  will  be  neceflary  to 
confine  the  prefent  fubjeft  within  reafonable  limits^ 
And  fince  it  would  be  impoffible  in  fuch  a  work  to 
treat  of  the  fpecific  organization  of  every  animal, 
I  have  made  choice  of  that  one,  whofc  parts  and 
fiinftions  are  found  to  be  the  moft  perfcdl  i  and  as 
it  is  eafier  to  look  down  from  an  eminence  than  to 
aicend  the  heights  of  creation,  from  what  will  be 
ftatcd  in  the  fucceeding  pages  on  the  economy  of 
the  human  body,  it  will  not  be  a  matter  of  great  diffi- 
culty to  comprehend  thu  of  other  animals  *.  The 
plan  which  will  be  purfued  in  this  part  of  the  work 
will  not  be  materially  different  from  that  which  has 
been  adopted  in  the  preceding.  After  a  few  obfcr- 

•  The  moft  ftriking  and  charaftcriftic  diiFerencis  in  the  fa* 
brie  of  different  animals  are  however  noticed  \  but  to  defcribe 
minutely  the  natural  economy  of  every  diftinft  raceof  aniinalair 
would  require  an  immenfe  treatife,  and  indeed  has  never  yet 
be^n  done,.  "  . 
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vatlons  on  the  component  principles  of  animal  mat- 
ter, I  Ihall  proceed  to  confidertheftrufturcof  thofc 
organs  which  conftitute  the  animal  machine ;  and 
laftly,  the  funftions  to  which  diofe  organs  are  fub« 
fcrvient. 

When  animal  matter  is  diftillcd  with  a  ftrong 
heat,  we  obtain  a  watery  fluid,  holding  in  folution 
fome  fal  ammoniac,  fuperfaturated  with  volatile 
alkali ;  a  light  oil,  and  a  ponderous  dark  oil,  mixed 
with  concrete  volatile  alkali;  a  Ipongy  coal  re- 
mains in  the  retort,  of  difficult  incineration,  and 
which  contains  fca-falt,  mild  foflile  alkali,  iron,  and 
calcareous  earth,  combined  with  phofphoric  acid. 

Spch  are  the  products  afforded  by  the  diftilla* 
larion  qf  all  animal  matters,  except  that  the  propor- 
tions vary,  according  to  the  degree  of  folidity  in  the 
part  fubmittcd  to  diftillation.  The  moft  chara<Sler- 
ifiic  mark  of  animal  matter,  is  Its  containing  azote, 
Vhich  confiderably  alters  its  produfts,  both  by 
putrefefticn  and  diftillation,  and  which  in  both 
thefc  procefles  combining  with  hydrogen  produces 
volatile  alkali.  As  vegetables  and  animals,  howe- 
ver, pafs  by  inlenfible  degrees  into  each  other,  fo 
there  are  fome  vegetables  which  afford  volatile  al- 
kali, and  which  confequently  contain  azote  ;  though 
in  far  lefs  quantity  than  any  animal  matter.    * 

The  elementary  matters  which  enter  into  the 
compofition  of  the  foft  parts  of  animals,  are 
carbon,  hydrogen,  azote  and  oxygen  5  the  bones 
are  compofed  of  calcareous  earth  and  phofphoric 
acid :  a  very  fmall  quantity  alio  of  iron,  and  of  ibme 
neutral  falls,  particularly  fuch  as  are  compofed  of 
the  mineral  and  volatile  alkalies,  and  lime,  com- 
bined 
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bined  with  the  murir/Lic,  pliofphoric  and  cretaceous 
acids,  are  diicovcred  by  careful  analyfis.  By  the 
application  of  heat,  the  elementary  matters  above 
mentioned  affume  new  arrangements  and  combi- 
nations ;  hydrogen  and  oxygen  uniting,  form  wa- 
ter I  hydrogen  and  carbon,  oil ;  hydrogen  and 
azote,  volatile  alkali ;  oxygtn  and  carbon,  creta- 
ceous or  carbonaceous  acid :  fome  of  the  gaffes  alfD 
cfcape  in  a  feparate  ftate,  and  part  of  the  carbon 
remains  behind  with  the  earthy  matter.  Lavoifier, 
after  having  treated  of  the  decompofition  of  vegetr 
^Jble  matter,  obfcrves  ; 

*  Animal  fubftances,  being  compofcd  nearly  of 
die  fame  elements  with  cruciferous  plants,  give -the 
fame  produ(Jl:s  in  diftillation,  with  this  difference, 
that, 'as  they  contain  a  greater  quantity  of  hydrogen 
and  azote,  they  produce  more  oil  and  more  arp- 
tponiac.  I  Ihall  only  produce  one  faC:^  as  a  proof 
of  the  exaftncfs  with  which  this  theory  explain.:? 
all  the  phenomena  which  occur  during  the  diftilla- 
tion of  animal  fubftances— ^which  is  the  reflification 
^nd  total  decompofition  of  volatile  animal  oil,  com- 
nnonly  known  by  the  name  of  Dippel's  oil.  When 
thefe  oils  are  procured  by  a  firft  diftillation  in  ^ 
naked  fire,  they  are  brown,  from  containing  a  little 
charcoal  almoft  in  a  free  ftate  i  but  they  becom?x 
<juite  colourlcfs  by  reftification.  -  Even  in  this  ftate 
the  charcoal  in  their  compofirion  has  fo  (light  2, 
connexion  with  the  other  elements,  as  to  feparate 
by  mere  expofure  to  the  ^ir.  If  we  put  a  quantity 
of  this  animal  gil,  well  reftified,  and  confcquently 
dear,  limpid,  and  tranfparent,  into  a  bell-glafs  filled 
^ith  oxygen  gas  over  mercury,  in  a  fbort  time  the 
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gas  is  much  dimtnifhed,  being  abforbed  by  the  oil  ; 
the  oxygen,  combining  with  tlie  hydrogen  of  the 
oil,  forms  water,  which  finks  to  the  bottom  ;  at  the 
fame  time  the  charcoal  which  was  combined  with 
the  hydrogen  being  kt  free,  manifefts  itfelf  by  ren- 
dering the  oil  black.  Hence  the  only  wayof  pre- 
ferving  thefe  oils  colourlefs  and ,  tranfparent,  is  by 
keeping  them  in  bottles  perfeftly  full,  and  accurately 
corked,  to  hinder  the  contaft  of  air,  which  always 
difcolours  them. 

*  Succeflive  reftifications  of  this  oil  furnifli  another 
phenomenon  confirming  our  theory.  In  each  dif- 
tillation  a  fmall  quantity  of  charcoal  remains  in  the 
retort,  and  a  little  water  is  formed  by  the  union  of 
the  oxygen  contained  in  the  air  of  the  diftilling 
veffels  with  the  hydrogen  of  the  oil.  As  this  takes 
place  in  each  fucceflive  diftillation,  if  we  make  ufe 
of  large  veflels,  and  a  confiderable  degree  of  heat^ 
we  at  laft  decompofe  the  whole  of  the  oil,  and 
change  it  entirely  into  water  and  charcoal.  When 
ive  ufe  fmall  vcffcls,  and  efpecially  when  we  em- 
ploy a  flow  tire,  or  degree  of  heat  little  above  that 
of  boiling  water,  the  total  decompofition  of  thefe 
pil3,  by  repeated  diftillation,  is  greatly  more  tc- 
(fious,  and  more  difficultly  accomplifhed.^ 

Animal  matters  are  compound  falifiable  bafe^ 
brought  to  the  ftate  of  oxyds  by  combination  with 
oxygen,  and  which  by  the  further  addition  of  that 
principle  are  capable  of  becoming  acids.  Several 
animal  acids  have  been  difcovered^  fome  of  which 
approach  very  near  to  the  vegetable  acids.  Their 
bafes  haye  not  been  afcertaincd  with  accuracy,  but 
are  fuppofcd  to  be  different  combinations  of  carbon^ 

hydroeenj 
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hydrogen,  and  azote.    The  animal  acids  at  prefean 
fcnown,  are  the  following : 

X^aftic  acid,  obtained  from  milk. 

Saccho-laftic,  from  fugar  of  milk^ 

Formic,  from  ants. 

Bombic,  from  filk- worms, 

Sebacic,  from  fuet, 

Lithic,  from  uriniary  calculus, 

Prufljc,  from  blood,  or  other  animal  matter, 
by  means  of  fixed  alkali  ignited  with  thefe^ 
matters. 
Having  mentioned  the  principles  afforded  by  the 
lEomplete  decompofition  of  animal  matter,  it  will 
be  proper  to  notice  certain  matters  into  which 
the  foft  parts  of  animals  may  be  refolved  by  the 
action  of  menflrua.  If  a  part  of  an  animal  is  boiled 
in  water,  it  is  gradually  diflblved,  and  a  matter  is 
extracted,  which  forms  a  folid  but  tremulous  mafs 
when  cold,  and  which  is  called  jelly.  This  is  found 
moft  plentifully  in  the  white  parts  of  animals,  but 
may  be  obtained  in  a  fmaller  or  greater  proportion 
from  all.  It  is  nearly  inodorous  and  infipid,  and 
is  ibluble  both  in  cold  and  hot  water,  but  more 
eafily  in  the  latter.  When  its  watery  parts  are  more 
fully  evaporated,  it  forms  glue.  The  jelly  of  ani- 
mals is  very  analogous  to  the  gum  of  vegetables, 
except  that  the  latter  does  not4:ontain  azote,  and  of 
courfe  is  lefs  prone  to  the  putrefaftive  fermentation, 
and  is  incapable  pf  affording  voladle  ^ali.  The 
glue  obtained  by  boiling  animal  matters,  differs  in 
fome  meafure  according  to  the  firmnefs  or  laxity 
of  the  fubftance  from  which  it  is  obtained  i  thus 
th^  ilcins,  tendons^  cartilages^  and  Hgam^t?  afford 
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the  firmcft  glue.  The  (kins  of  eels  are  the  bale 
ofgoldiize;  and  from  old- vrhite  leather  gloves 
and  parchment  is  made  a  kind,  of  glue  ufed  by 
painters.  Glues  differ  from  each  other  in  their 
confiftence^  tafte,  fmell,  and  folubiHty :  there  arc 
ibme  which  readily  become  foft  in  cold  water; 
others  are  riot  diflblved  but  in  bpiling  water ;  but 
the  preparation  of  the  latter  is  not  generally  known. 
The  bcft  glue  is  tranfparent,  of  z,  yellow  browni(h 
coIour>  without  fmell  and  tafte,  and  entirely  folublc 
in  water,  with  which  it  forms  a  vifcid  uniform 
fluid.  Animal  jelly  differs  from  glue,  only  in 
poffeffing  a  Icfs  degree  of  confiftence  and  vifei- 
dity.  The  firft  is  more  cfpecially  obtained  from 
the  foft  and  white  parts  of  animals,  and  is  far  more 
abundant  in  thofe  which  are  young.  Glue  is  ob- 
tained in  greateft  perfcftion  from  the  toughed  par» 
of  older  animals.  Jelly  and  glue  are  infolublc  in 
Ipirit  of  wine. 

Lymph  or  ferum  conftitutes  the  greater  part  of 
the  fluids  of  animals,  and  will  be  afterwards  treated 
of  as  a  conftit^ent  part  of  the  blood. 

Spirif  of  wine,  \vhen  applied  to  animal  matters, 
diffolves  an  extradlive  fubftance,  which  is  depofited 
on  the  evaporation  of  the  fluid  \  this  matter  is  alio 
ioluble  in  water.  It  fwells  and  liquefies  by  heat, 
and  emits  a  fmell  fomewhat  refembling  that  of 
burned  fugar;  it  is  chiefly  this  fubflance  which 
covers  the  furface  of  roaftcd  ipeat,  in  the  form  of 
z^  brown  crufl:. 

The  fat  of  animals  approaches  very  nearly  to  the 
nature  of  the  fat  oils  of  vegetables.  The  globules 
^rhich  rife  to  the  furface  of  water  in  which  meatus 
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boiled^  confift  of  the  fat.  The  &t  of  animals,  as 
well  as  the  fat  oils  of  vegetables,  afibrds  a  peculiar 
acid,  which  is  called  the  febacic  acid,  or  acid  of 
fuet. 

After  all  thefe  matters  are  extrafted,  there  re- 
mains nothing  but  a  white  fibrous  matter,  infipid, 
and  infoluble  in  water.  This  matter  has  all  the  cha- 
raders  of  the  fibrous  part  of  the  blood,  which  I 
l^all  treat  of  in  the  following  chapter. 
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SatrgMtMeout   and  ex/an^ious  Animals, '^Warm  and  ccld  Bhtded 
Animals. ^-^Serum  and  CraJjkmentum.-^Polyfufes.^^Aualjfis   tf 
Blood. — Lymph.-^Iron  in  the  Blood, '^Caufe   of  tbt,  Rtd Co- 
lour^-^Red  Globules. '-^He^w/bu^s  Experiments, 


THIS  fluid,  which  is  fo  cflential  to  life,  varies 
confiderably  in  different  fpecies  of  animals. 
In  man,  and  other  large  animals,  it  is  of  a  red  co- 
lour, but  in  fome  fmaJler  animals  the  circulating 
fluid  is  nearly  colourlefs,  and  therefore  fuch  animals 
are  called  exfanguious  j  though  with  little  propriety, 
as  their  circulating  fluid  appears  to  anfwer  all  the 
purpofes  of  blood,  and  there  feems  no  reafon  to 
aflirm  that  nothing  can  be  blood,  which  is  not  of  a 
red  colour.  The  moft  remarkable  difference  in 
the  blood  of  animals,  is  with  refpedt  to  the  tempe- 
rature. The  blood  of  man,  quadrupeds,  and  birds, 
is  hotter  than  the  medium  they  inhabit  j  they  arc 
therefore  called  animals  with  warm  blood.  In 
fifties  and  reptiles  it  is  nearly  of  the  temperature  of 
the  medium  they  inhabit ;  and  thefe  are  therefore 
called  animals  with  cold  blood.  The  temperature 
of  the  blood,  as  well  as  the  change  of  colour  to  a 
brighter  red,  which  the  blood  undergoes  in  pafSng 
,'T .. ::  J  through 


through  the  lungs,  will  be  treated  of  inafiituoe 
cfaapfier  on  rcfpiratton. 

When  blood  is  firft  drawn  from  a  reiDt  it  appears 
to  be  an  homogeneous  red  Quid  :  it  then  coofoli* 
dates  into  one  uniform  mafs  $  in  a  little  time  a  yel- 
lowifli  watery  liquor  begins  to  feparate  froxt?  it^ 
which  is  more  or  lefs  in  quantity,  according  to  the 
ftate  of  the  blood ;  the  red  mafs)  in  the  aiean  tim^ 
contrads  gready  in  its  dimenfions^  expeiling  the 
watery  liquor  from  its  pores^  and  confequently  in* 
creating  in  firmnels  and  denfity.  This  ieparatipn 
happens  in  the  body  after  death,  and  produces  thofe 
concretions  in  the  heart,  and  large  veffels,  thofe  ad^^ 
hefive  mafles  called  polypufes,  which  were  formerly 
fuppoied  to  have  exided  during  life,  and  fomedmes 
to  have  been  the  immediate  occafion  of  death.  By 
agitadon,  blood  condnues  fluid;  but  a  confident 
fibrous  matter  adheres  to  the  ftick  or  inftrumenc 
made  ufe  of  to  ftir  it,  which  by  repeated  ablution 
in  water  becomes  white,  and  appears  to  be  very 
fin^ilar  to  the  fibres  of  animals  obtained  by  wafhing 
away  the  other  adhering  matters.  Received  from 
the  vein  in  warm  water,  blood  depofits  a  quantity 
of  tranfparent  fiJamcntOus  matter,  the  red  portion 
continuing  diflblved  in  the  water.  On  evaporate 
ing  the  fluid,  a  red  fubftance  in  the  form  of  powder^ 
or  eafily  reducible  to  it,  is  left.  Blood  infpiflated 
to  drynefs  leaves  a  dark  coloured  mals,  amounting 
at  a  medium  to  about  one  fourth  part  of  its  weight, 
of  a  bitter  faline  tafte,  eafily  inflammable,  atid 
burning  with  a  blueifti  flame.  The  exficcated 
blood  is  not  foluble  in  acid  or  alkaline  liquors,  but 
.  gives  fomc  tinge  to  water  and  to  fpirits  of  wine  j 
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and  is  more  powerfully  adted  on  by  dulcified  fpirit 
of  nitre.  Recent  blood  is  coagulated  by  the  nu- 
Aeralacids^  and  by  mod  of  the  combinations  of 
them  with  earthy  and  metallic  bodies.  With  vc-"^ 
getable  acids^  and  with  folutions  of  neutral  fairs,  it 
Ifningles  equably  without  coagulation.  Alkalies, 
both  fixed  and  volatile,  render  it  more  fluid,  ^d 
preferve  it  from  coagulating^  Blood  by  diftilladon 
afilbrds  the  fame  refults  as  other  animal  matters. 
Six  pounds  of  human  blood  diflilled  to  drynefsj 
with  a  gende  heat,  were  reduced  to  a  pound  and 
an  half;  after  which  the  mafs  was  ui^ed  with  a 
graduated  fire,  till  the  retort  at  lafl  became  red  hot. 
The  produce  wasfeventcen  ounces  of  liquor,  twelve 
of  which  were  a  red  and  very  empyreumatic  vo-» 
latile  and  alkaline  fluid,  and  the  other  five  were 
oil.  What  remained  in  the  retort  was  a  light  coal, 
weighing  four  ounces  and  a  half 

It  has  been  already  mentioned  that  blood  fpon^ 
taneoufly  feparates  into  two  parts,  a  coherent  mafs 
called  the  crafTamentum,  and  an  aqueous  liquof 
called  the  fcrum,  with  which  the  crafTamentum  is 
furrounded* 

Lymph  or  ferum,  which  is  alfo  called  the  albu- 
minous matter,  from  its  coagulating  into  a  white 
mafs  by  the  application  of  a  heat  equal  to  156 
degrees  of  Farcnhcit's  thermometer,  \&  very  analo* 
gous  to  the  white  of  egg.  Serum  is  alfo  coagulated 
by  acids  and  by  ardent  fpirit ;  alkalies  render  k 
naore  fluid.  It  converts  fyrup  of  violets  to  a  green, 
its  colour  is  yeliowifhj  inclining  to  green  i  its  taflc 
is  falinci  and  it  feels  between  the  fingers  in  fomc 
degree   unduous   and  adhefive^      By  diftilladon 
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it   affords   the   fame  principles  as  other  animal 
matters. 

Serum,  expofcd  to  a  warm  temperature  in  the 
open  air,  pafles  quickly  to  putrefaftion.  It  unites 
with  water  in  all  proportions,  but  they  arc  kept 
feparate  by  their  different  denfities,  unlefs  agitated 
together^  Serum  poured  into  boiling  water  for  the 
moft  part  coagulates  inftantly.  The  coagulatiolb 
formed  in  ferum  by  the  addition  of  an  acid,  dif- 
folves  very  quickly  in  volatile  alkali,  which  is  the 
true  folvent  of  the  albuminous  part ;  but  it  is  not 
at  all  foluble  in  pure  water.  The  coagulation 
formed  by  fpirit  of  wine,  on  the  contrary,  is  foluble 
in  water,  as  M.  Bucquct  has  difcovcred.  This  li- 
quid, M.  Fourcroy  concludes,  js  an  animal  muci- 
lage, compofed  of  water,  acidifiable  oily  bafcs, 
marine  fait,  chalk  of  foda,  and  calcareous  pholphat ; 
this  laft  appears  to  produce  the  rofe- coloured  pre- 
cipitate, obtained  by  pouring  the  nitrous  Iblutioa 
of  mercury  into  ferum.  Though  the  liquid  is 
fcarcely  coloured,  thfe  addition  of  nitrous  acid,  and 
more  efpecially  of  mercurial  nitre,  produces  a  reft 
or  light  flefh-colour,  which  M.  Fourcroy  has  often 
obferved  in  many  other  animal  liquors. 

The  craffantentum,  when  well  wafhed  in  water, 
is  feparated  into  two  very  diftind  fubftances,  one  of 
which  is  diffolved,  and  tinges  the  water  of  a  red 
colour,  while  the  other  remains  behind  in  the  ftatc 
of  a  white  fibrous  matter,  the  fame  as  that  which 
adheres  to  the  ftirrer  with  which  recent  blood  has 
been  agitated,  in  order  to  prevent  its  coagulation. 
The  water  in  which  the  red  part  is  diffolved,  when 
heated  with  different  menftrua^  exhibits  all  the  cha- 
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rafters  of  ferum  -,  but  it  contains  a  much  greater 
quantity  of  iron,  which  may  be  ob^ained  by  the 
Incineration  of  the  coal,  and  fubfequent  wafhing  to 
leparate  the  ialine  matters.  The  rcfiduc  of  this 
wafhing  is  a  yellow  calx  of  iron,  of  a  beautiful 
cdour>  and  ufually  attracted  by  the  magnet.  The 
red  colour  of  the  blood  is  therefore  with  Ibme 
appearance  of  rcafon  attributed  to  this  metal.  Iron 
has  been  obtained  from  the  blood  in  conGderable 
quantity  by  Menghini,  Rouelle,  and  Bucquet. 

The  lame  chemifts  found  that  irbn  was  capable 
of  pairing  into  the  blood  from  the  intcftines,  fincc 
patients  who  were  under  a  courfe  of  martial  medi- 
cines are  known  to  difcharge  a  part  of  it  by  the 
urinary  paflfages.  Iron  is  obtained  from  the  red 
particles  of  the  blood,  but  not  from  the  wafhed 
coagulum.  Thefc  fa6ks,  together  with  the  incrcafcd 
rednefs  of  the  blood  by  pafling  through  the  lungs, 
where  it  may  be  fuppofed  to  fufFer  a  degree  of  cal- 
cination from  the  abforption  of  oxygen,  render  the 
above  opinion  highly  probable. 

The  fibrous  part  of  the  blood,  when  thoroughly 
walhed,  is  white  and  infipid ;  by  diftillation,  like 
other  animal  matters,  it  affords  water,  oil  and  vola- 
tile alkali.  Expofed  to  a  gentle  heat,  it  is  much 
hardened  5  when  fuddenly  expofed  to  a  ftrong  heat, 
it  fhrinks  up  like  parchment.  It  putrefies  very  ra- 
pidly, and  affords  much  volatile  alkali.  It  is  info- 
luble  in  water,  and  when  boiled  in  that  fluid  har* 
dens,  and  afTumes  a  grey  colour.  Acids  unite  with 
it,  and  in  particular  the  nitrous  acid  dilTolves  it, 
and  extricates  azote  and  nitrous  air ;  while  the  refi- 
'due  by  evaporation  affords  acid  of  fugar  in  cryftals, 

a  pccu- 
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a  peculiar  oil  in  flocks,  and  the  phofphoric  fait  erf* 
lime.  Marine  acid  forois  a  green  jelly  with  the 
fibrous  part  of  the  blood.  The  acid  of  vinegar 
diflblves  it  with  the  affiftancc  of  heat  -,  water,  and 
more  particularly  -alkalis,  precipitate  the  fibrous 
matter  when  diflblved  in  acids.  The  animal  fub- 
{btnce  is  decompofed  in  thefe  combinations ;  and 
.when  feparated  from  the  acids  by  any  method,  it 
no  longer  retains  its  former  properties. 

The  microfcopical  appearances  of  the  blood  have' 
attraded  great  attention.  Various  accounts  have 
been  publilhedon  this  fubjeft,  moft  of  which  feem 
to  have  been  framed  more  on  theory  and  pre- 
conceived opinion,  than  a6hial  obfervadon.  Thefe 
falfities  have  been  detefted  by  Mr.  Hewfon,  whofc 
microfcopical  experiments  on  the  blood  are  the 
lateft  which  have  been  made,  and  remain  at  pfefent 
(as  far  as  relates  to  the  compofition  of  the  blood) 
uncontradidted.  I  Ihall  therefore  tranfcribe  the  fol- 
lowing particular  account  of  tliem,  givcabj  himfelf 
in  a  letter  to  Dr.  Haygarch,  phyfician,  in  Chefter. 
'  *  The  red  particles  of  the  blood,  improperly 
called  globulesy  are  flat  in  all  animals,  and  of  very 
diflferent  fizes  in  different  animals.  In  man  they 
are  fmall,  as  flat  as  a  ihilling,  and  appear  to  have  a 
dark  fpot  in  the  middle.  In  order  to  fee  them 
diftindly,  I  dilute  the  blood  with  frelh  ferum.  My 
predeceflbrs,  not  having  thought  of  this,  could  not 
fee  them  diftinftly.  And  Lewenhoeck  in  particu- 
lar, imagining  a  round  figure  fitteft  for  motion, 
concluded  they  muft  be  round  in  the  human  body  j 
though  he  and  others  allowed  that  in  frogs,  &c. 
where  they*  viewed  them  diftinftly,  fi-om  the  blood 
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being  thinner,  they  were  flat.  Now  I  prove  that 
they  are  flat  in  all  aniirials.  In  the  human  blood, 
where  th«fc  particles  are  fmall,  it  is  difiicult  to  dc- 
tcrnriine  what  that  black  fpot  is,  which  appears  in 
the  center  of  each.  Some  have  concluded  that  it 
was  a  perforation ;  but  in  a  frog,  where  it  is  fix 
times  as  large  as  in  a  man,  it  is  eafy  to  fhew  that 
it  is  not  a  perforation,  but  on  the  contrary,  is  a  lit- 
tle folid,  which  is  cont?.itied  in  the  middle  of  a  ve- 
licle.  Inftead,  therefore,  of  calling  this  part  of  the 
blood  red  globules ,  1  fhould  call  it  red  veficlesi 
for  each  particle  is  a  flat  veficle,  with  a  litde  foKd 
fphere  in  the  centre. 

«  I  find  that  the  blood  of  all  animals  contains 
veficles  of  this  fort.  In  human  blood  there  arc 
millions  of  them,  and  they  give  it  the  red  colour; 
but  in  infcfts  they  are  white,  and  leis  numerous  in 
proportion  than  in  man  and  quadrupeds.  As  they 
are  flat  in  all  animals,  I  fufpeft  that  fhape  b  a 
circumfl:ance  of  importance,  but  can  be  altered  by 
a  mixture  with  different  fluids.  And  I  find,  that 
it  is  by  a  determinate  quantity  of  neutral  fait  con- 
tained in  the  ferum,  that  this  fluid  is  adapted  to 
preferving  thefc  veficles  in  their  flat  fliape  :  for  if 
they  are  mixed  with  water,  they  become  round,  and 
diflfolve  perfedly  i  but  add  a  little  of  any  neutral 
fait  to  the  water,  and  they  remain  in  it  without 
any  alteration  in  their  fliape,  and  without  diflfolving. 

*  Now,  when  it  is  confidered  that  the  blood  of 
all  animals  is  filled  with  thcfe  particles,  wc  mufl: 
believe  that  they  ferve  fome  very  important  pur- 
pofe  in  the  animal  cecOnomy ;  and  fincc  they  are 
fo  complicated  in  their  fl:ru6lure,  it  is  improbable 

that 
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that  they  Ihould  be  formed  by  mechanical  agitation 
in  the  lungs  or  blood-vcffels,  as  has  been  fufpeft^d, 
but  probably  have  fonne  organs  fet  apart  for  thdr 
fornnation.      This   I  (hall   endeavour  to    prove^ 
when  I  have  explained  their  ftrufture  a  little  more 
particularly,  and  mentioned  the  manner  in  which  I 
exhibit  it.     I  take  the  blood  of  a  toad  or  frog,  in 
•which  they  are   very  large;.  I   mix  it  with  the 
fcrum  of  human  blood  to  dilute  it;  I  find  them  ap- 
pear ali  flat,  fo  they  do  in  the  blood-veffels  of  this 
animal,  as  I  have  diftinftly  feen  in  the  web  betweerl 
its  toes,  whilfl:  the  animal  was  alive  and  fixed  iri 
the  microfcopc.     Their  appearance » in  thefe  ani- 
mals is  not  unlike  dices  of  cucumber.     I  next  mist 
a  little  of  the  blood  with  water,  which  immediately 
makes  them  all  round,  and  then  begins  to  diflblve 
them  whilft  they  are  round.     I  incline  the  ftage  of 
the  microfcope,  fo  as  to  make  them  roll  down  it  i 
and  then  I  can  diftindtly  fee  the  folid  in  the  middle 
fall  from  fide  to  fide,  like  a  pea  in  a  bladder.    A 
neutral  fait  added  to  them  at  this  time  brings  them 
back    to  their  flat  fhape ;  but  if  the  fait  is  not 
added,  the  water  gradually  diflblves  away  the  ve- 
ficle ;  and  then  the  little  fphere  is  left  naked.   Such 
is  the  compofition  of  thefe  particles.     I  have  exhi- 
bited thefe  experiments  to  a  confiderable  number 
of  my  acquaintance,  who  all  agree  in  their  being 
fatisfaftory. 

*  The  microfcope  I  ufe  is  a  fingle  lens,  and 
therefore  as  litde  likely  to  deceive  us  as  a  pair  of 
fpeftacles,  which,  as  is  allowed  by  all  who  ufe  them, 
do  not  disfigure  objefts>  but  only  reprcfent  them 
larger/ 

H2  It 
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it  is  unneceflary  to  follow  Mr.  Hcwfon  into  h» 
(peculations  with  regard  to  the  ufc  of  the  th3nnus 
and  lymphatic  glands,  which  he  thinks  are  defigned 
to  fabricate  the  middle  folid  particles  of  the  blood 
which  are  afterwards  to  be  fbrnilhed  with  veficks 
in  the  cells  bi  the  fpleen.  Thefe  inquiries  may 
Ihew  the  ingenuity  of  their  author,  but  will  not  an- 
fwer  our  pi^rpofc,  which  is  to  detail  with  concifeoeft 
what  has  been  afceruined  with  ceruinty^ 


Crap« 


Ctep.  3-]  C   ;oi 


Chap.     III. 


STRUCTURE'  OF    ANIMALS. 


Size  p/  MaM.^^His  ena  Pofture, — Varieties  in  the  Stru^un  ef 
Amnudts-^Parti  of  the  Animal  Body. 


IN  taking  a  general  view  of  the  formation  of 
Mam,  a  circumftance  of  importance  is  his  fize, 
confidercdin  relation  to  the  force  of  gravitation.  If 
the  fize  of  man  was  much  greater  than  it  is,  fup* 
pofing  his  ftrength  to  be  only  in  proportion,  his 
motions  would  be  much  flower,  and  more  labo- 
rious j  nor  would  his  increafe  of  fize  be  entirely  com- 
pcnfated  by  a  diminution  in  the  force  of  gravitation, 
for  this  would  expofc  him  to  inconveniences,  on 
account  of  the  various  relations  in  which  he  ftands 
to  other  objefts.  On  the  contrary,  was  man  much 
fmaller,  though  he  would  gain  in  celerity  what  he 
would  lofe  in  force,  yet  his  weaknefs  would  inca- 
pacitate him  for  adting  with  advantage  on  confider- 
able  maflcs  of  matter.  On  the  whole,  it  ihould 
fcem,  that  neither  an  increafe  of  fize  with  an  in- 
creafe of  gravitations  nor  a  diminution  of  fize  with 
a  diminution  of  gravitation  i  nor  an  increafe  of 
cither  with  a  diminution  of  the  other,  would  in  ge- 
neral fo  well  fuit  the  conveniences  of  man,  and  his 
H  3  relation 
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relation  to  other  beings,  as  the  ftate  in  which  he  at 
prcfent  fublifts. 

The  moft  ftriking  diflFerencc  of  ftrudture  between 
nrian  and  the  other  animals  is  his  creft  figure,  ex- 
cellently adapted  to  the  more  extenfive  views  which 
he  was  defigned  to  take  of  nature ;  and  which, 
inftead  of  being  a  mark,  as  Helvetius  pretends  to 
think,  of  human  arrogance,  in  departing  from  the 
horizontal  pofttire,  which  was  allotted  to  man  in 
common  with  other  quadrupeds,  is  one  proof  of  the 
diftance  which  the  Deity  meant  to  intcrpofe  be- 
tween man  and  the  reft  of  the  animal  creation. 
Helvetius,  however,  denies  the  fuperiority  of  man 
in  every  refpeft ;  and  maintains,  that  the  mental 
acquirements  of  a  horfe  would  not  be  inferior  tQ 
thofe  of  a  man,  if  the  former  was  furniflied  with 
fingers,  and  endued  with  the  fameexquifite  fenfe  of 
feeling  which  th6  latter  enjoys.  We  may  grant  that 
all  our  fimple  ideas  are  derived  from  the  informa- 
tion of  our  fenfes ;  but  we  would  a(k  what  experi- 
,  ments  Helvetius  or  his  adherents  have  made,  to 
aftertain,  that  there  can  be  no  differences  in  the 
ftrufture  of  intelleftual  organs  ?  and  upon  what  au- 
thority they  conclude,  that  all  the  varieties  we  ob* 
ferve  in  mental  endowments,  among  individuals  of 
the  fame  race,  as  well  as  among  different  races  of 
animals,  are  folely  to  be  referred  to  differences  in 
the  organs  of  fenfe  ?  But  granting  all  that  Helvcdus 
requefts,  how  came  man  to  have  fingers  and  horfc$ 
none,  if  they  were  equally  defigned  to  gallop  through 
the  foreft?— 'he  muft  either  have  made  fingers  for 
himfelfi  or  he  mufl  have  been  originally  defigned 
Jjy  his  Maker  for  nobler  occupations, 
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The  ftrufture  of  man,  moreover,  in  feveral  other 
particulars,  entirely  confutes  the  affertions  of  Hel- 
vctiusj  but  without  attending  to  other  circum- 
ftances,  it  will  be  fufficicnt  to  mention  the  forma- 
tion of  the  lower  extremities  in  man,  fo  different 
from  the  hind  legs  of  quadrupeds,  and  fo  admirably 
adapted  to  the  ereft  pofture.  By  fome  naturalifts 
the  Ourang-Outang  is  confidered  as  the  original 
ftock  of  the  human  race.  His  claims  to  humanity 
arc  founded  upon  his  being  able  to  walk  upright, 
being  furnifhed  with  fuch  mufcles  as  are  requifitc 
for  that  purpofe.  The  form  of  his  heart,  lungs, 
breaft,  brains,  and  inteftines  are  fimilar  to  thofe  of 
a  man.  .  He  can  fit  upright  with  eafe,  and  can 
handle  a  ftick  with  dexterity.  That  his  race  is 
diftinft,  however,  from  that  of  man,  is  evident,  from 
his  having  thirteen  ribs  on  each  fide,  whereas  m^n 
has  but  twelve.  He  has  not  the  faculty  of  fpeech, 
and  articulation  is  impoflible  to  him,  on  account  of 
the  ftrufture  of  the  parts  about  the  larynx. 

While,  however,  we  diflent  from  Helvetius,  in 
finking  man  to  the  level  of  other  animals,  let  us* 
refleft  that  the  purpofe  of  natui-c  fcems  to  be,  to 
diffufe  life  and  enjoyment  wherever  they  can  exift ; 
and  let  us  avoid  the  oppofite,  narrow-minded,  and 
if  poflible,  ftill  more  abfurd  notion,  that  the  happi- 
nefs  of  man  is  the  fole  object  of  creation. 

In  the  animals  which  more  commonly  fall  under 
our  obfervation,  the  furface  is  foft,  and  the  bones 
are  deeply  feated ;  but  in  others  the  reverie  happens, 
and  we  obfeVve  the  bones  forming  a  cafe  to  the 
foftcr  parts.  We  fee  fome  animals  fumiihed  with 
wings,  to  Iport  in  the  regions  of  the  atmofphere ; 
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fomc  immerfcd  by  means  pf  a  heavy  fliell,  during 
the  whole  of  their  cxiftencc,  in  the  4rpths  of  the 
ocean ;  and  others  iurnilhed  with  organs,  to  perforate 
|their  dark  paflagsc  through  the  bowels  of  the  earths  la 
general  the  bones  of  animals  are  filled  with  marrow, 
but  in  many  kinds  of  birds  they  arc  ei^cavated  for 
the  reception  of  air,  fitting  them  for  floating  more 
cafily  on  the  furfac^  of  water,  and  at  the  fame  dme, 
when  neceffity  requires,  for  remaining  longer  be- 
Qeadi  its  furface.  In  fome  animals,  even  the  brain 
apd  heart  ^fcape  our  moft  careful  refearches ;  and 
Ipme,  li)ce  vegetables,  may  be  [nultiplied  from  the 
limbs  of  their  parents.  So  endkft  indeed  are  thefe 
difierences,  that  there  is  perhaps  no  one  circum- 
Aance  of  ftrufture  or  funftion  common  to  all  ani- 
mals.  But  let  us  return  from  thefe  extehfivepro- 

fpc£ts  to  the  confider^tion  of  the  ftru&ure  of  ouf 
own  fpccics. 

Before  we  proceed,  however,  to  confider  theftruc- 
ture  of  the  body,  it  will  be  proper  to  premife  a  few 
very  brief  definitions  of  the  moft  remarkable  parts 
of  which  it  confifts. 

Bones  are  hard  fubftances,  which  form  the  bafis 
pf  the  body. 

Cartilages  are  firm,  fmooth,  elaftic  bodies,  which  . 
jcover  ends  of  the  bones. 

Mufclps  are  contracStile  organs,  which  are  attached 
tp  bones,  and  perform  the  motions  of  the  body. 

Tendons  are  tough  cords,  by  means  of  which 
mufcles  .  are  attached   to  bones. 

Ligaments  are  ftrong  fibres  or  membranes,  which 
^onneft  bones  to  each  other, 

Blood-j 
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Blood-veflcls  are  membranous  flexible  tub^^ 
tehich  convey:  the  blood  to  and  from  the  heart. 

Lymphatics  are  tmnfparent  tubes^  which  per- 
form abforption. 

Nerves  are  white  cord3  conneded  with  the  brain> 
and  arc  the  inftruments  of  fenfadon  and  volun* 
tary  motion. 

Glands  are  organic  mafleS)  deftbed  for  the  pur- 
pofc  of  fccrction* 
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Chap.    IV. 

STRUCTUR^   OP    THE  BONES. 


Bones  conffi  of  Fibres ;  cellular.'-^ne  Marrow. ^^fTa/Ie  of  Rcvu 
in  old  Age.^^EpipbjJes.'-^PerioJfeum.'^Progrefi  of  OJJificaiUm 
^^ArticulaUon* 


TH  E  body,  as  Hippocrates  long  ago  re- 
marked, is  a  circle  j  and  therefore  at  what- 
ever point  we  were  to  begin  the  defcription,  wc 
Ihould  ultimately  be  equally  led,  by  the  connexion 
of  parts,  to  the  confideration  of  the  whole.  As 
the  bones,  however,  may  be  confidered  as  the  baCs 
of  the  body,  on  which  the  other  parts  depend  for 
fituation  and  fupport,  it  appears  mod  eligible 
in  the  firft  place  to  confider  their  ftrufture  and 
ufcs. 

The  bones  confift  of  fibres,  diftributed  in  lamellas 
or  plates ;  thefe  plates  are  not  clofely  applied  to 
each  other,  but,  with  the  intervention  of  tranf/erfe 
fibres,  conftitute  cells.  The  cells  are  diftributed 
through  the  fubftance  of  all  the  bones,  but  are  uni- 
formly moft  remarkable  in  the  centre,  and  on  the 
furface  of  the  harder  bones  are  fo  fmall  as  not  co 
be  diftindlly  perceptible  without  the  aid  of  glaffes. 

The  marrow  which  fills  the  cavities  of  the  bones 
fs  a  fat  oily  fubftapcc,  contained  in  a  fine  and  tranf- 

parent 
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parent  membrane,  which  receives  numerous  blood- 
veffels,  and  is  fupportcd  by  the  filaments  of  the  re- 
ticular fubftance  of  the  bones.     If  the  different 
parts  of  a  bone  are  obferved)  it  is  found  that  where 
the  diameter  of  the  bone  is  the  lead,  there  the  fides 
are  thickeft  and  moft  compaft  5  where  the  diame- 
ter is  greatcft,  which  is  in  general  towards  the  ends 
of  the  long  bones,  th^ir  ftru6ture  is  very  cavernous 
tliroughout.    The  marrow  pervades  the  whole  fub- 
ftance of  the  bones,  but  is  moft  rcmarkablfe  in  the 
middle  part  of  the  cavities  of  the  long  bones.    Its 
appearance  and  nature  alfo  differ  in  different  bones, 
or  in  the  fame  bone  in  the  progrefs  of  life.     Thus 
the  marrow  is  bloody  in  children,  oily  in  adults, 
and  thinner  and  more  watery  in  aged  people. 

At  the  time  of  birth,  the  bones  are  very  imper- 
fcft,  particularly  thofe  of  the  head ;  fb-  that  by 
being  moveable  in  this  part,  and  folding  over  each 
other  during  the  time  of  delivery,  an  eafier  paflagc 
is  procured  for  the  infant.  There  are  many  pro- 
jeftions  from  the  bones,  which  in  infancy  are  foft, 
y  but  which  in  the  adult  ftate  are  bony ;  and  the  fame 
tendency  to  the  formation  of  bone  increafing  with 
our  years,  bonqs  which  were  fcparatc  in  the  prime 
of  life  concrete  in  old  age.  In  the  decay  of  the' 
body,  however,  the  bones  are  diminiftied  with  the 
other  p^ts,  fo  as  in  extreme  old  age  to  weigh  a 
third  lefs  than  in  the  middle  periods  of  life. 

To  far  the  greater  number  of  bones  whole  ends 
are  not  joined  to  other  bones  by  immoveable  ar- 
ticulation, are  annexed,  by  the  intervention  of  car- 
tilage, fmaller  bones,  called  epiphyfes  or  appendages. 
Jn  young  fubjefts  thcfc  are  cafily  feparable,  but  in 

adults 
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idults  the  point  of  conjunftion  is  not  very  per- 

ccpritle. 

The  bones  are  furniflied  with  a  tough  membrane, 
called  the  periofteum,  which  \%  fprcad  on  their  for- 
facc,  and'  tlic  principal  ufe  of  which  leems  to  be 
to  convey  blood-vcflels  for  their  nouriftiment  j  theie 
Wood-vcflels  are  very  numerous  and  remaricabJe 
in  the  bones  in  the  infant  (late,  but  become  gia- 
dually  lefs  fo  in  the  progrcfs  of  life. 

It  has  been  fuppofed  that  the  bones  were  formed 
by  fucceflive  oflification  of  layers  of  the  periofleum. 
This  opinion,  however,  is  contrary  to  what  is  ob- 
lerved  on  C3tamining  bones  in  the  progrefs  of  their 
formation  :  and  is  alfb  difproved  by  fome  experi- 
ment5>  in  which  animals  were  fed  with  madder. 
Their  bones  were  found  to  be  tinged  in  proportion 
to  the  length  of  time  that  they  were  kept  on  this 
food  i  but  neither,  the  pcriofteum  nor  the  cartilages 
were  altered  from  their  natural  colour. 

The  m.oft  general  divifion  of  the  bones  is  that  into 
tlie  long  and  cylindrical,  and  the  flat  and  the  broad. 
The  oflification  in  both  diefe  kinds  of  bones  begins  in 
the  middle,  at  feveral  points  at  a  time,  and  gra- 
dually extends  towards  the  ends  of  the  long  bones 
and  the  circumference  of  the  broai; 

The  ends  of  the  long  bones,  where  they  are 
united  to  each  other,  are  larger  than  their  middle 
part,  and  feveral  advantages  attend  this  ftrufhire. 
By  thelc  means  the  furface  of  conta6l  between  the 
two  bones  of  an  articulation  is  increafed,  their  con- 
junftion  confequendy  becomes  firmer,  there  is  more 
Ipace  for  the  connexion  of  mufcles,  which  alfo  adl 
jliofe  powerfully  from  their  axes  being  further  re- 
moved 
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moved  from  the  middle  of  the  joint,  or  the  center  of 
motion* 

The  bones  arc  united  to  each  other,  cither 
movcably  or  immoveably.  They  arc  movcably 
articulated*  in  three  ways: — ift.  By  a  bali  and 
focket,  which  admits  of  motion  in  all  diredions, 
as  in  the  fhoulder.  2dly,  By  a  hiqgc,  which  al* 
lows  motion  in  onlf  two  diredions,  as  in  the  knee  ; 
and  3dly,  By  a  long  procefe  of  one  bone  received 
into  the  cavity  of  another,  which  adniits  of  a  rota- 
tory motion,  as  in  the  articulation  of  the  firfl:  and 
lecond  vertebne  of  the  neck*  The  immoveable 
articulation  of  bones  is  of  two  kinds  :  ift,  where 
numerous  proccflcs  of  two  bones,  like  the  teeth  of 
faws,  are  mutually  received  into  each  otiicr,  as  in 
the  bones  of  the  head  i  and  adly,  by  the  growing 
together  of  bones  with  the  intervention  of  car- 
tilage, as  in  the  union  of  the  os  facrum  with  the 
ofla  innominata.  « 

The  ends  of  bones  which  move  on  each 
©rhcr  arc  tipped  with  fmooth  cartilage  -,  and  the 
friction  is  ftill  further  diminiftied  by  a  fluid,  much 
more,  flippery  than  oil  itfelf,  which  is  called 
fynovia.  The  moveable  joints  are  aifo  furnlfhed 
with  ftrong  membranes,  called  ligaments,  which  pafs 
irom  one  bone  to  another,  affording  ftrength,  and 
retaining  the  heads  of  the  bones  in  their  cavities. 
For  the  purpofes  of  articulation,  and  the  conncdicui 
of  mufcles,  bones  are  uneven  on  their  furfece,  and 
have  numerous  elevations  and  depreflions. 
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Chap.    V. 


DIVISION  OF  THE  SKELETON,  WITH  THE  BONES 
OF  THE  HEAD. 

The  Skeleton  briefly  JfJcrihed.'^Bones  of  the  Cranium.-^Bfitres  rf 
the  Face^-^f  the  Nofi'^of  the  Palate, ^-^Tbe  upper  and  under 
Ja^wj'^-^Ftrm  and  Proportion  of  the  Head ,^^Subfteatc»  ami 
StrHilure  of  the  Bones  of  the  Head.^^Svtures. 

TH  E  flcelcton,  by  whith  is  underftood  all  the 
bones  of  the  body  in  their  proper  ficuations, 
is  divided  into  the  head,  trunk,  and  extremities* 

When  the  bones  are  put  into  a  natural  fituation, 
icarcely  any  one  of  them  will  be  found  to  have  a 
perpendicular  bearing  on  another;  though  the  fabric 
compofed  of  them  is  fo  contrived,  that  in  an  ereft 
pofturc  a  perpendicular  line  from  the  common 
centre  of  gravity  falls  in  the  middle  of  their  com- 
mon bafe.  On  this  account,  we  can  fupport  our- 
ielves  as  firmly,  as  if  the  axis  of  all  the  bones  had 
been  a  ftrait  line,  perpendicular  to  the  horizon ; 
and  we  have  much  greater  quicknefs,  eafe,  and 
ftrength,  in  feveral  of  the  ncceffary  motions,  as  well 
as  other  advantages  in  the  fituation  and  prote6tion 
of  the  vifcera.  It  is  true,  indeed,  that  wherever 
the  bones  on  which  any  part  of  the  body  is  fuftained, 
decline  from  a  ftrait  line,  the  force  of  the  mufcles 
required  to  countcradl  the  gravity  is  greater  than 

wouJd 
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would  be  otherwife  ncceflaryi  but  this  is  more 
than  compenfated  by  the  advantages  above  men- 
tioned. ■  . 

The  bones  of  the  head  are  divided  into  thofe  of 
the  cranium  and  face.  The  branium,  or  that  bony 
cafe  which  furrounds  and  protefts  the  hrain,  con- 
fifts  of  eight  pieces  of  bone.  At  the  fore  part  is 
placed  the  os  frontis  5  at  the  back  part  the  os  occi- 
pitis ',  at  the  upper  and  fide  parts  the  ofla  parietalia ; 
at  the  under  ind  fide  parts,' the  ofla  tcmporalia ;  in 
che  fore  part  of  the  bafe  the  os  ethmoides  j  in  the 
middk  of  it  the  os  fphenoidcs.  Thefe  two  latter 
bones  are  common  to  the  cranium  and  face. 

The  OS  frontis  is  fo  called  from  being  the  only  bone 
of  the  forehead,  though  it  extends  confidcrably  far- 
ther upwards.  It  has  fomerefcmblancein  fliape  totho 
concha  bivalvis,  commonly  called  the  cockle.  The 
greater  part  of  it  is  convex,  externally,  and  concave 
internally,  with  a  ferrated  circular  edge.  The  up- 
per part  of  the  os  frontis,  where  it  is  connefted  to 
the  parietal  bones,  is  very  fmooth  and  convex,  but 
below  it  has  feveral  inequalities,  where  it  contri-* 
butes  confiderably  to  the  formation  of  the  cavities, 
in  which  the  eyes  are  lodged.  In  the  part  of  the 
OS  frontis  which  correfppnds  with  that  part  of  the 
forehead  immediately  above  the  eye-brows,  the  two 
tables  of  the  bone  fepairate  by  the  external  being 
protruded  outwards,  to  form  two  large  cavities, 
called  frontal  finufes.  Thefe  cavities  communicate 
with  the  external  air  by  means  of  the  nofe.  The 
frontal  bone  fcrves  to  fupport  and  proteft  the  an- 
terior lobes  of  the  brain.  The  falx  of  the  dura 
mater,  of  which  I  Ihall  have  occafion   to  fpeak 
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Dnore  fully  hereafter,  is  attached  tb  a  ridge  or  fiir- 
tew  at  the  middle  and  internal  part  of  ^  this  bone. 
The  OS  frontis  is  pierced  with  fomc  frrtall  holes  for 
the  paflage  of  biood-veflcls. 

Each  of  the  two  oila  parietalia  is  an  irregular 
Iquare,  its  upper  and  fore  fides  being  longer  than 
that  behind  or  below.  The  inferior  fide  is  a  con- 
cave arch  i  the  middle  of  it  receiving  the  upper 
and  round  part  of  the  temporal  bone.  The  ex- 
ternal furface   of  each   parietal  bone  is  convex. 

•  On  their  inner  concave  furface  we  obferve  a  num- 
ber of  deep  furrows,  difpofed  |ike  die  branches 
of  trees,  which  receive  the  blood-veflels  of  the 
dura  matfcr,  Oa  the  in(kle  of  the  upper  edge 
of  the  oiikj  parietalia,  there  is  a  large  finuoficy, 
where  the  upper  part  of  the  falx  is  fattened,  and 
the  fuperior  longitudinal  finus  is  lodged.  The  ofla 
parietalia  are  the  mod:  equal  and  fmooth,  and  are 
among  the  thinneft  bones  of  the  cranium ;  and  yet 
the  divifion  of  their  fubftancc  into  two  tables  and 
a  diploe  is  no  where  fo  remarkable.  Thcfe  bones 
are  joined  before  to  the  os  frontis  by  the  coronal 
future ;  at  their  long  inferior  angles,  to  the  iphenoid 
bone,  by  part  of  the  future  of  this  name ;  at  their 
lower  edge,  to  the  offa  temporum,  by.  the  fijuamous 
futures  behind  to  the  os  occipitis,  by  the  lambdoidal 
future }  and  above  to  one  another,  by  the  fagittal 
future.  In  a  child  born  at  the  full  time,  none  of 
the  fides  of  this  bone  are  completed,  and  the  brain 
is  in  general  not  completely  furroundedby  a  bony 

[  cafe,  till  fi;x  or  feven  years  of  age. 

The  ofla  temporum  are  equal  and  fraooth  above/ 
whexc  they  terminatie  in  a  thin  femicircular  edgp« 

which 


tirhich  is  laid  oy^r  the  inferior  part  of  each  of  the 
ofla  parietalia>  as  the  fcales  6{  fifh  are  phced  over 
each  other>  forming  a  junfhire^  which  is  on  this 
account  called  fquamous.     Behind  this^  the  upper 
part  of  the  temporal  bone  is  thickeri  and  mord 
unequal.    Towards  the  baie  of  the  fkuU^  the  tem-^ 
poral  bone  is  very  irregular  and  unequal^  and  be- 
comes contraAed  into  an  oblong  very  hard  fub^ 
ftance ;  and  being  extended  forwards  and  inwardsi 
becomes  fm'aller^and  is  called  the  ospetrofumj  which 
contains  the  inrernal  parts  of  the  organ  of  hearing. 
This  bone  has  three  remarkable  procefles;  Thefirfti 
placed  at  the  lower  and  pofterior  part  of  the  bone, 
is  from  its  relemblance  to  a  nipple  called  maftoides 
or  mamiUaris.  Within  it  is  compofed  of  fmall  cells^ 
which  have  a  C(mimunication  with  the  organs  of 
hearing.    About  an  inch  farther  forwafd^  the  fe-i^ 
cond  procefs  begins  to  rife  from  the  bone;  ofid- 
having  its-  origin  continued  obliquely  downwards 
and  forwards^  it  becomes  fmaller^  and  is  at  length 
united  with  a  correfponding  protiefs  of  thtf  os  rhatei 
or  cheek-bone.    In  this  madnet  is  ^  formed  a  bony 
jugum  or  yoke,  under  which  the  temporal  mufcle 
pafles.  Hence  thisprocefs  of  the  temporal  bone  his 
been  called  zigomatic.  From  the  inferior  unequal 
part  of  the  os  tcmporum  the  dtird  procefs  ftands 
out  obliquely  forwards  j  the  ihape  of  it  has  been 
thought  to  refemble  the  ancient  ftylus  fcriptorius, 
and  it  is  therefore  called  the  flyloid  procefs.    The 
chief  ufe  of  thefe  procefles  is  to  afford  atMchmenc 
to  xnufeles.  Numerous  linuofiries  or  deprcffiohs  of 
this  bone,  by  increafing  the  furface,  anfwer  the  fame 
purpofe.    This  bone  has  alfo  fcvcral  perforations. 
Vol,  III.  I  one 
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one  of  which,  fituatcd  between  the  zlgomatic  and 
maftoid  proceflcs,  is  the  orifice  of  a  largpfonnel  or 
canal,  which  leads  to  the  orgin  of  hearing. 

The  OS  occipitis,  fo  called  from  its  fituatkm  at 
the  back  part  of  the  head,  Kke  the  other  bones  of 
the  cranium,  is  externally  convex,  and  intemdlf 
concave.   Its  figure  is  an  irregular  fquare,  or  nicher 
a  rhomboid  i  of  which  the  angle  above  is  generally 
a  little  rounded  $  and  the  lower  angle  b  extended 
to  the  inferior  part  of  the  cranium,  in  the  form  of  a 
wedge,  and  is  t;hence  called  the  cuneiform  procels. 
At  the  bafe  of  this  triangular  proceis,  on  eadi  fide, 
of  the  great  foramen,  through  which  pafTes  the  ipioal 
'  marrow,  are  obierved  two  large  oblong  proceflcs, 
calkdthe  condyles,  which  ferve  for  the  arttculadoa  of 
the  cranium  with  the  firft  vertebra  of  the  neck* 
Around  the  great  foramen,  the  edges  are  unequal, 
for  the  firmer  adhefion  of  the  ftrong  circidar  liga- 
ment which  paiTes  from  the  circumference  of  tfao 
foramen  to  the  firil  vertebra.    On  the  infide  of  the 
occipital  bone  are  feveral  ridges  and  furrows  i  to  one 
of  the  ridges  is  fixed  the  pofterior  part  of  the  fiilx, 
and  the  furrows  receive  the  finufes  which  run  in  this 
part  of  the  cranium.   The  ridges  of  this  bone  form 
a  crofsj  and  round  the  middle  of  the  crois  there  are 
four  targe  deprefTions,  feparated  by  its  limbs j   the 
two  upper  deprefiions  being  formed  by  the  pofterior 
part  of  the  brain,  and  the  two  lower  by  the  cere- 
bellum.   The  inner  furface  of  the  cuneiform  pro- 
cefs  is  hollowed  for  the  reception  of  the  medulla 
oblongata  and  the  bafilar  artery.    Befides  the  gre^t 
foramen,  there  arc  feveral  other  perforation&  in  this 
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bone^  or  between  it  and  the  adjoining  bones»  for  the 
paflage  of  nerves  and  bloGkl->y/eflels»  The  occipi^ 
tal  bone  at  its  upper  part^  where  it  is  chiefly  ex« 
poied  to  injury,  is  vfery  thick  and  ftrong,  but  lower 
down,  where  it  is  proteAed  by  the  ftrong  and  thick 
mufcles  which  are  inferted  into  it,  it  is  often  very 
thin.  The  occipital  bone  is  connefted  above  to 
the  ofla  parietalia  by  the  lambdoidal  future ;  la- 
terally to  the  temporal  bones  by  a  continuation  of 
the  fame  future  \  below  it  is  firmly  connedbed  by 
an  union  of  fubftance  to  the  Iphenoid  bone^  by 
means  of  the  cuneiform  proceis. 

The  OS  ethmoides,  or  ficvc-like  bone,  derives  its 
name  from  the  numerous  fmall  apertures  with  which 
it  is  pierced  at  its  fore  part.  From  the  middle  of  the 
internal  fide  of  the  lamella,  which  is  fo  full  of  holes^ 
a  thick  procefs  rifes  upwards ;  and  being  higheft 
at  the  fore  part,  gradually  becomes  lower  as  it  is 
extended  backwards.  From  a  £incied  refemblance 
of  chb  procefs  to  a  cock's  comb,  it  has  been  called 
the  crifta-galli.  The  falx  is  connected  to  its  ridge> 
and  to  the  unperforated  part  of  the  cribriform  plate* 
All  the  prominences,  cavities,  and  meftnders  of  the 
ethmoid  bone  are  covered  with  a  continuation  of 
the  membrane  of  the  noilrils.  ,  The  ufes  of  this 
bone  are  to  fuftain  the  anterior  lobes  of  the  brain  i 
to  give  pafTage  to  the  olfaAory  nerves,  and  attach^ 
ment  p^  the  falx ;  to  enlarge  the  organ  of  fmelling, 
by  allowing  the  membrane  of  the  nofe  a  greater  ' 
extent;  to  form  a  part  of  the  orbit  of  the  eyes,  and 
the  feptum  varium. 

The  OS  Iphenoides,  or  wedge-like  bone,  which 

is  fo  called  from  its  fituation  in  the  middle  of  the 
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bones  of  the  cranium  and  face,  is  of  a  very  irre- 
gular figure,  and  bears  fonie  refennblance  to  a  bat, 
with  its  wings  extended.  This  bone  is  generally 
divided  into  a  body,  and  two  fides  or  wings.  When 
we  view  the  external  part  of  the  os  fphenoides, 
two  or  three  remarkable  procefles  from  each  fide 
of  it  may  be  dbferved,  which  "are  all  of  them  again 
fubdivided.  The  firft  pair  confifts  of  the  two 
large  lateral  procefles  or  wings  j  the  upper  part 
of  each  of  which  is  called  the  tempoi:^  proceis, 
becaufe  they  join  with  the  temporal  bones  in  form- 
ing the  temples :  that  part  of  the  wings  which  pro- 
jeAs  towards  the  infide,  fomewhat  lower  than  the 
temporal  procefles,  and  is  fmooth  and  hollowed, 
forms  part  of  the  orbits.  The  lowefl  and  back  part  of 
each  wing  runs  out  widi  a  fharp  point,'  called  the 
Ipinous  procefs,  to  meet  the  point  of  the  pars  pc- 
trofa  of  the  temporal  bone.  The  fecond  pair  of 
external  procellbs  of  the  fphenoid  bone  are  di8 
aliform  or  pterygoid,  and  which  ftand  out  almoft 
perpendicular  to  the  bafe  of  the  fkuU.  Each  of 
them  has  two  plates  and  a  middle  fofia  at  the  poflerior 
furface.  Of  thefe  plates,  the^xterior  is  the  broadeft » 
the  interior  are  longeft,  and  terminate  in  a  hodc- 
like  procefs.  Another  pair  of  procefles  may  be 
mentioned,  viz.  the  little  triangular  thin  procefles. 
which  come  from  each  fide  of 'the  fpheooid  bonci 
where  the  pterygoid  proceflfes  rife  from  it;  thefc 
arc  extended  to  join  the  ethmoid  bone.  The 
external  furface  of  this  bone  is  every  where 
covered  with  depreflions,  finuofities,  and  foflfc. 
Within  there  are  three  remarkable  foOk;  two  of 
thcfc  are  feated  in  the  internal  part  of  each  wing 
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of  the  fphenoid  bone,  for  receiving  the  middle 
part  of  the  brain.    The  third,  'which  is  fmaller,  is 
feated  on  the  top  of  the  body  of  the  bone,  which 
from  its  refemblance  to  a  Turkifh  faddle  is  de* 
icribed  under  the  name  of  fella  turcica.     In  this 
fbfia  a  gland  called  the  pituitary  is  placed ;  behind 
and  before  it  are  the  clinoid  procefles.   The  holes  on 
each  fide  of  the  os  fphenoides  are  fix  proper  and 
three  common.      The  firfl:  is  a  round  aperture, 
immediately  below  the  anterior  clinoid  procefles, 
which  tranfmits  the  optic  nerve  and  ocular  artery. 
The  fccond,  which  is  a  large  flit,  and  is  called  the 
ibramen  laccrum,  tranfmits  the  third,  fourth,  fixth, 
and  the  firft  branch  of  the  fifth  pair  of  nerves. 
The  third  hole,  fituated  a  litdc  lower,  is  called 
rotundum  fit)m  its  ftiape,  and  tranfmits  the  fecond 
branch  of  the  fifth  pair  of  nerves.     The  fourth  is 
the  foramen  ovale,  about  half  an  Inch  behind  the 
foram^en  rotundum;  through  it  pafles  the  third 
branch  of  the  fifth  pair.     Very  near  the  point  of 
the  fpinous  procefs  is  the  fifth  hole  of  this  bone, 
which  is  finall  and  round,  and  gives  paflage  to  the 
largefl  artery  of  the  dura  mater.   The  fixth  proper 
hole  cannot  well  be  feen  till  the  cuneiform  bone  is 
removed  from  the  other  bones  of  the  cranium— for* 
one  end  of  it  is  hid  by  a  fmall  protuberance  of  the 
internal  plate  of  the  pterygoid  procels,  and  by  the 
point  of  the  proceflus  petrofus  of  the  temporal 
bone.     Through  it  a  confiderable  branch  of  the 
fifth  pair  of  nerves  is  refleded.     The  firft  of  the 
common  apertures  is  that  unequal  filTure  at  the 
fide  of  the  fella  turcica,  between  the  extreme  point 
of  the  OS  petrofum  and  the  fpinous  procefs  of  the 
1 3  cuneiform 
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cuneiform  bone.  This  perforation  only  appears 
lifter  the  bones  are  boikd  i  for  in  a  recent  fubje^ 
its  back  part  is  covered  by  a  thin  bony  platCj  whidi 
lies  over  the  internal  carotid  artery,  and  £iithe^ 
forward  it  is  filled  with  a  cartilaginous  ligament, 
under  which  the  cartilaginous  part  of  the  euftachian 
tube  is  placed :  it  was  by  this  pallage  that  the  an« 
cients  believed  the  (limy  matter  was  conveyed  from 
{he  glandula  pituitaria  to  the  fauces.  The  fecond 
aperture  is  a  large  difcontinuation  of  the  external 
fide  of  the  orbit,  left  between  the  orbitar  pro- 
f:eflres  of  the  fphenoid  bone,  the  os  maspllarr^ 
malas^^'and  palati.  The  third  conimon  aperture 
is  formed  between  the  baie  of  this  bone  and  the 
root  of  the  orbitar  procef$  of  ^e  palate  bone  of 
each  fide. 

Under  the  fella  tgrcica,  widiin  the  fubftancc  of 
fhe  fphpnoid  bone,  arc  two  finufes,  ieparated  by  a 
bony  plate,  which  are  lined  with  a  membrane,  and 
open  intp  the  noflrils. 

The  fphenoid  bone  is  joined  to  all  the  bones  o^ 
the  cranium,  and  likewiie  to  the  ofla  maxiUaria,  dia 
inalorum,  ofTa  palati,  and  yom;:r. 

The  face  is  divided  into  the  upper  and  under 
maxillae  or  jaws.  The  upper  jaw  is  the  immove- 
able part  of  the  face,  which  confift^  of  fix  bones  oq 
each  fide,  and  a  thirteenth  in  the  middle.  The 
thirteen  bones  are  two  olfa  naii,  two  oiTa  unguis, 
two  ofla  malarum)  two  ofla  maxillaria,  cwo-ofila 
palati,  two  ofla  fpongiofa  inferiora,  and  the  vomer^ 
The  ofla  nafi  are  placed  at  the  upper  part  of  the 
iiofe ;  the  oflfa  unguis  are  the  internal  canthi  of  the 
prbitSj  the  offa  jnalarupi  form  the  prominence  of 
"        ,  ^  'the 
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the  cfacdgi ;  the  ofla  imxillaria  form  the  fide  of  the 
|iofe»  with  the  whole  lower  and  fere  part  of  the 
ypper  jaw^  and  the  greatell  part  of  the  roof  of  the 
mouth;  die  ofla  palati  are  fitustfed  at  the  back 
part  of  the  palate>  noftrils^  and  orbit ;  the  ofla  fpon- 
gipfa  are  feen  in  the  lower  part  of  the  noftrils;  and 
the  vomer  helps  to  fqparate  thele  two  cavities. 
The  bones  of  the  face,  befides  being  connefted  to 
.the  bones  of  the  cranium  by  futures,  common 
.to  them  with  the  bones  of  the  cranium,  are 
joined,  to  each  other  by  fifteen  futures,  which  it 
wou^  be  *  tedious  to  deicribe.  Neither  does  a 
description  of  Ae '  fiirm  and  connexion  of  each 
of  thefe  fmall*  bonei  fall  in  with  the  general 
view  of  the  ftni£bure  of  the  body  which  I  propoie 
to  taJoei.  •  ' 

The  lower  jaw  m  the  adult  co^fifb  of  only  one 
kon^  In  forrii,  it .  refembles  a  horfe-^ihoe,  the 
Qonvex  part  of  which  is  turned  forwards,  and  forms 
the  chin.  At  its  back  part  this  bone  is  bent  up* 
wards,  ahd  terminates  in  two  procefies.  The  an- 
terior of  thefe,  which  rifes  highefl,  is  a  thin 
point,  into  which  mufcles  are  inferted.  The  pof- 
terior  procefs  terminates  in  an  oblong  finootb  head 
tipped  with  cartilage ;  it  is  called  the  condyloid, 
and  is  received  into  a  folia  of  the  temporal  bone» 
where  it  is  capable  of  very  extenfiye  monoa. 
There  is  a  cavity  through  the  fubilance  of  this 
bone,  which  receives  a  large  twigg  of  the  third 
bmnch  of  the  fifth  pair  of  nerves.  This  begins  at 
the  bottom  of  each  coronoid  procefsi,  and  termi- 
{iate»  externally  nev  the  chin.    This  bone  is  fiir- 
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mflied  with  aaouter  and  inner  bony  p]ate»  calkd  die 
jUveokr  proce0cs»  for  reuiiung  the  tjeeth  with  firm- 

mefs.    In  each  of  the  jaws  are  plaoe(l  fixteen  teeth  ; 

{o  that  the  head,  if  we  iiuJude  the  os  hyoides^  a 

fmall  boQ^  (ituated  under  the  phjn,  ponfifis  in  the 

adult  of  iixty-thite  pieces. 

With  refpeft  to  the  form  of  the  cranium,  wfaea 

.  ieen  from  above^  and  when  the  fiirehead  is  placed 
next  the  eye^  it  very  much  refembles  that  of  an  ^g$ 
the  OS  frontis  correfponding  to  the  fmaller  end  c£  it, 
and  the  09  occipitis  to  the  greater*  When  feen  in 
any  other  point  of  yjcw,  however,  this  refemblance 
is  not  perceptible.  The  (ides  of  the  head  are  flat, 
and  the  lower  part  is  6at  and  irregular.  The  bones 
of  the  £u:e  conftitute  an  imperfeft  triangle.  The 
fize  of  the  head,  in  a  well-formed  perffMi,  is  to  the 
reft  of  the  body  as  one  to  nine. 

The  fubftance  of  the  bones  of  the  cranium  b  in 
general  made  up  of  two  tables  or  places,  with  the 
interpolition  of  a  fpongy  cavity.  The  external 
table  is  thicker,  fmoother,  and  covered  with  the 

.  periofteum ;  th<^  internal  is  thinner,  more  uneven, 
more  bricde,  and  is  lin^  with  a  thick  valcular 
membrane,  called  the  dura  mater. 

The  bones  of  the  head  are  united  to  each  other 
by  a  number  of  tooth-like  procefles  $  and  thefe 
joinings  are  called  futures.  The  coronal  future 
runs  acrofs  dke  head,  and  conneAs  the  frontd 
bdne  to  the  parietal  bones.  The  fagittal  future 
divides  the  upper  part  of  the  head  into  two 
equal  parts.  It  connects  the  two  parietal  bonts 
to  each  other,  and  pafles  from  the  middle  of  the 
fi-ontal  to  the  middle  of  the  occipital  bone. 

The 
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The  lambdoid  future  is  ihterpofed  between  the 
back  and  fore  parts  of  the  cranium,  or  between 
the  occipital  and  two  parietal  bones.  The  two 
Iquamofe  futures  connedi:  the  temporal  bones  to 
the  parietal.'  There  are  alfo  many  lels  remarkable 
futuresj  which  ^oin  (he  bones  of  Ac  fiice  c^  thole  qS 
ihe  craniufPf 
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Chap,   VI. 

T  H  E     TEETH. 


CimralDefcription  of  the  Teith.^^Incifires.'^Canini.''^M^^es»^m 
Enamel  of  the  Teetb.^-^  Growth  of  the  Teeth. '^  The  Faci 
Ungthetud  after  Eight  Yeart  of  Agew^^VarittUs  in  the  Teith  of 
dijftrent  Animals* 


TH  E  teeth,  both  of  the  upper  and  lower  jaw, 
arc  fixed  in  fockets  of  the  jaw-bones,  formed 
of  thin  bony  lamellae.  That  part  of  the  teeth  which 
proje6ts  beyond  the  gums,  is  called  their  body  j  the 
external  termination  of  the  body,  the  corona  or 
crown ;  and  that  which  is  hid,  and  which  termi- 
nates in  a  wedge-like  point,  is  called  the  radix  or 
root.  The  roots'  of  the  teeth  are  perforated  at  their 
extremities,  for  the  reception  of  nerves  and  blood- 
veflcls. 

The  teeth  are  divided  into  three  orders.  The 
four  front  cutting  teeth,  are  called  incifores.  Next 
to  thefe  is  placed  on  each  fide  a  tooth,  called  fix>m 
its  form  the  canine  or  dog-tooth  \  and  laftly,  on 
each  fide  five  molares  or  grinding  teeth.  The  laft 
tooth  on  each  fide>  from  its  not  being  cut  till  after 
the  age  of  puberty,  is  alfo  called  dens  fapientisj  or 
the  tooth  of  wifdom. 

The  four  incifores  are  fmaller  and  narrower  in 
the  lower  than  in  t|ie  upper  jaw.    The  corona  of 
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jthe  incifores  is  broad  and  (harp>  and  in  children  is 
much  notched.  The  roots  of  the  incifores  are  fhort^ 
an^  terminate  in  a  fingle  blunt  apex.  The  canine 
teeth  are  ftronger,  more  acute,  and  more  deeply 
rooted  than  the  incifores.  They  are  convex  before 
^d  concave  behind,  and  are  fitted  for  tearing  our 
food  to  pieces.  The  molares,  by  the  eminences  on 
the  corona,  and  by  their  broad  upper  furfaces,  are 
(evidently,  as  their  name  exprefles,  defigned  for  the 
grinding  of  the  food.  The  anterior  molares  arc 
fmallcr  and  Icfs  uneven  on  the  corona  than  the 
poftcrior ;  the  (bongeft  being  placed  ncareft  the 
articuladon  of  the  jaw-bone,  becaufe  there  we  caq 
.  exert  the  greatetl  force.  The  roots  of  the  molares 
aje  long  and  pointed ;  each  tooth  has  two,  Aree, 
four,  and  fomecimes,  though  very  rarely,  five  roots. 
The  roots  fometimes  ftand  feparate,  ibmedmes  am 
iconcreted  together;  fometimes  they  are  &3nk^ 
fcmptimcs  crooked. 

The  fubftance  of  the  teeth  is  compaft.  Th^ 
(Corona  is  covered  with  a  curious  flibftance,  calle4 
the  enamel.  This  is  thin,  white,  fliining,  and,  being 
^e  hardeft  and  moil  compa£t  fubftance  in  the 
body,  is  admirably  adapted  to  the  purpofes  of 
mafticadon. 

It  is  fcarcely  neceflary  to  remark,  that  in  eating 
we  only  move  the  lower  jaw,  and  that  the  upper 
is  on  all  occafions  fixed  and  immoveable. 

In  the  infant  flate,  two  fets  of  teeth  are  ah-eady 
pbfervable  in  thp  jaw-bones.  In  the  cutdng  of 
the  teeth,  the  incifores  firfl  make  their  appearance, 
in  general  about  the  eighth  nionth  -,  and  afterwards^ 
^C  9t>out  two  years  of  age,  two  molares  an4  th<^ 

dgg- 
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dog-tooth.  The  firft  fct  of  teeth  when  complete 
is  but  twenty  in  number,  viz.  eight  inciibresj  eight 
molares,  and  four  canini.  In  the  fecond  fet  are 
added  twelve  molares,  viz.  three  on  each  fide  in 
e^ch  jaw,  making  the  complete  fet  in  the  adtilt 
thirty-two.  To  make  room  for  this  addition,  the 
ja^^s  undergo  a  gradual  elongadon^  Hence  the 
&ce  is  fo  much  lengthened  &om  eight  to  eighteen 
years  of  age.  About  the  feventh  year  the  fecond 
fet  begins  to  fupply  the  place  of  the  firft,  which  by 
this  time  become  loofe,  by  the  wafte  of  the  fockets 
and  the  growth  of  the  teeth  below. 

If  we  extend  our  views  to  the  lower  animals,  we 
(hall  find  no  part  of  the  body  more  various  among 
difierent  races  than  the  teeth.  This  circumflance 
is  fo  remarkable,  that  Linnseus  has  employed  it  in' 
the  diftribudon  of  the  firft  clafs  of  animals  (die 
manunalia)  into  its  feveral  orders.  To  enumerate 
ill  the  varieties  of  teeth  would  be  impoflibkr,  and 
tt  pYtknt  it  would  be  fuperfluous.  Let  it  be  re- 
markedy  however,  that  they  arc  not  without 
their  ufes,  and  that  every  animal  experiences  thg 
advantages  of  its  own  peculiar  ftrudurc. 
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BONES    OF    THE    TRUNK. 

Sfim  0/  Back  Bone.^-Ho'-w  the  Head  h  moved^^^The  Thorax* 
—^The  Pel*vis, — Principal  Marks  of  DiftinSion  betnAtsem  the 
Male  and  Female  Skeleton, 


THE  bones  of  the  trunk  are  divided  into 
thofe  of  the  fpine  or  back-bone^  the  thorax 
or  cheft,  and  the  pelvis*  The  fpine  confifts  of 
twenty-four  pieces  of  bone  called  vertebne^  leven 
of  theie  belong  to  the  neck>  twelve  €0  the  back,  and 
five  to  the  loins.  The  thorax  conGfts  anteriorly 
and  laterally  of  twelve  ribs  on  each  fide  of  the  fter* 
num  or  breaft-bone^  and  part  of  the  fpine  behind. 
The  pelvis  is  compofed  of  four  bones ;  two  ofia 
innominata  or  hip- bones  s  the  os  facrunij  and  the 
QS  coccygis. 

That  feries  of  bones  called  the  ipine  forma 
a^  column  larger  below  than  above,  fmooth  an4 
round  before,,  very  rough  and  uneven  behind,  and 
follow  within.  The  bones  of  the  fpine  are 
joined  to  each  other  by  cartilages,  in  the  centre  of 
,  each  of  which  is  contained  a  fluid  i  a  curious  cir* 
cumfhmce  of  flru£hire  firft  difcovered  by  the  late 
Dr.  Monro,  of  Edinburgh.  The  chief  advantage 
of  this  ftrudture  is,  that  this  fluid,  when  confined, 
has  all  the  refiftance  of  a  fblid  body,  without  its 
hardnefs,  which  in  this  part  might  be  attended  with 
very  bad  confequences. 

The 
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The  head  is  conneftcd  to  the  upper  vertebra  of 
the  neck  by  two  fmooth  projections  of  that  verte- 
bra^ which  are  called  condyls^  being  received  into 
two  correfponding  cavities  in  the  under  part  of  the 
cranium.  By  means  of  this  joint  we  move  the  head 
backwards  and  forwards  on  the  Ipine,  or  perfblin 
the  aftion  of  nodding.     As  it  is  neceflary,  howe* 
ver>  for  the  head  to  have  alfo  a  rotatory  motion, 
we  here  find  a  peculiarity  of  flrufturc  to  which 
there  is  nothing  fimilar  in  any  odier  part  of  the 
body.    In  the  upper  furface  of  the  fecond  vertebral 
of  the  neck  there  is  a  long  tooth-like  procels  or 
projeftion,  which  is  received  into  a  perforation  of 
the  firft  vertebra.    This  procefs  is  rendered  fnxxith 
by  a  covering  of  cartilage  ;  it  pafles  quite  through 
the  vertebra  above  it,  and  is  connected  to  this  as 
well  as  to  the  cranium  by  ftrong  ligaments,  which 
^ive  ftrengdi  to  the  connedtioni  and  guard  againft 
the  efFefts  of  a  too  extcnfivc  motion.     The  rota- 
tory motions  of  the  head,  therefore,  are  not  per- 
formed on  the  firft  vertebra  of  the  neck,  but  on 
the  fecond  j  the  firft  vertebra,  with  the  head,  mov- 
ing on  Ac  tooth-like  proccfe  of  the  fecond  vertebra, 
,  as  a  whed  moves  on  its  nave. 

The  (pine,  however,  though  it  forms  a  column, 
does  not  form  by  any  means  an  upright  column. 
The  (pine,  viewed  fideways,  if  the  os  iacrum  is 
j  confidered  as  a  continuation  of  it,  is  bent  very 

much  in  the  form  of  the  letter/.  In  die  neck  it 
projeAs  fomewhat  forwards,  lower  down  it  takes  a 
curved  dire&ion  backwards,  to  make  room  for  the 
heart  and  lungs.  In  the  loins  it  advances  ^gain 
forwards  under  the  centre  of  gravity^  ib  as  to  fiip- 
•  port 
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port  the  abdominal  vifcera;  and  m  the  pelvis  it  re-- 
cedes backwards^  fo  as  conliderably  to  enlarge  that 
cavity.  ^ 

Each  vertebra  is  divided  into  a  bddy  and  feven 
proje^ions,  apophyfes  or  procefles.  The  body  is 
placed  before,  it  is  fmooth^  of  a  roundi(h  form,  and 
a  remarkably  fpongy  texture.  The  procefles  are 
of  a  much  firmer  texture,  and  projefb  backwards. 
Two  of  thefe  procefles  are  called  the  fuperior 
oblique,  and  afcend  obliquely  from  the  upper  part 
of  the  vertebra ;  two  are  called  the  inferior  pbliqucj 
^ddefcend  obliquely  from  the  lower  partj  two 
are  called  the  tranfverfe,  and  proje6l  fideways;  and 
one  is  called  the  ipinous,  from  its  refemblance  to  a 
thorn,  which  projedb  diredUy  backwards.  Of  thefe 
procefTes  the  fpinous  and  tranfverfe  are  the  mofl 
prominent.  The  oblique  procefles  fcem  chiefly  de- 
figned  for  the  articulation  of  the  vertebras  with  each 
other,  and  are  therefore  alfo  called  articular  pro* 
ceflTcs.  All  the  vertebra  are  perforated  for  the  re- 
ception of  the  fpinal  marrow,  and  alio  have  notches 
for  the  tranfmiflion  of  nerves. 

The  ufes  of  the  (pine  are  to  fupport  the  body  in 
an  ere&  poftui'e,  and  at  the  fame  time,  by  the  num- 
ber of  joints  with  which  it  is  furnilhed,  to  admit  of 
a  free  motion,  without  danger  of  comprefling  the 
fpinal  marrow,  which  it  is  defigned  to  protedL  It 
is  formed  larger  below  than  above,  becauie  the 
lower  parts  of  it  have  a  greater  weight  to  fuppprc 
,  than  the  upper;  and  becaufe,  when  the  body  is  bent, 
that  weight  afts  with  the  longefl:  lever  againft^ 
that  part  of  the  fpine  which  is  fartheft  removed 
from  it. 

pi 


laS  JrHcUldlim  of  the  Spine^      [Boo|c  IX. 

In  very  young  chUdrcn,  each  vertebra  confifts 
of  three  pieces  of  bone  united  by  cardiage.  As 
die  ipine  contains  fo  important  a  part  as  the  (pinal 
marrow^  we  pbferve  a  folicitous  care  taken  by  Pro- 
vidence^  that  the  vertebrae' Ihould  not  be  disjointed. 
Befides  being^connedtcd  by  ftrong  ligaments,  pro- 
portioned  to  the  forces  which  are  to  be  rcfiftcd,  the 
vertebrae  df  the  neck  enter  into  each  other,  thofe 
of  the  back  are  propped  by  the  ribs,  and  thofc  of 
the  lobs  have  fo  large  a  furface  of  contaft,  as  to 
render  cheir  feparation  almoft  impra&icable. 

The  thorax  is  a  bony  cavity,  narrow  above,  wide 
below,  and  arched  bdiind  and  at  its  fides. 

Thefternum  or  breaft-bone,  which  forms  the 
anterior  part  of  the  thorax^  is  of  a  ijf>ongy  confiftence, 
and  of  a  flat  and  nearly  triangular  form ;  in  in£mcy 
it  confifts  of  many  parts,  in  the  adult  ftate  of  only 
two,  or  fomctimes  three.  The  upper  part  is  broad 
and  thick,,  the  lower  narrow  and  thin.  The  loweft 
part  of  the  fternum,  fi-om  its  refemblance  to  a  dag- 
ger, and  its  cartilaginous  nature,  is  called  cartilagp 
cnfiformis.  The  upper  part  of  this  bone  is  notched 
for  the  pafiage  of  the  wind-pipe,  and  there  are  two 
cavities  in  its  fides  for  the  articulation  of  the  cla- 
vicles or  collar-bones.  There  are  alfo  fevcn  fmall 
holes  on  each  fide,  for  the  articulation  of  (even  ribs. 
Its  ufes  are  to  fupport  the  ribs,  to  prpteft  the  lungs 
and  heart,  and  to  fiirnifh  connexion  to  a  mufcular 
organ,  which  will  be  afterwards  confidered,  called 
the  diaphragm. 

The  ribs  which  conftitute  the  greater  part  of  the 
cavity  of  the  thorax,  are  fomewhat  of  a  femicircular 
form^  they  pafs  firom  the  fpine  towards  the  fternum ; 

they 
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they  are  not  coilhefted,  however,  to  the  vertebras 
themfclves,  but  to  the  cartilagirio-ligamentous  fub 
-ftance  which  connects  the  vertebras  to  each  other. 
At  the  pofterior  part  the  rib  has  two  proceffes;  one 
of  thefe,  by  which  it  is  connefted  .between  two 
vertebrae,  is  called  its  head ;  another  is  articulated 
with  the  tranfvcrfe  proccfs  of  the  vertebras  imme- 
diately below,  and  is  called  its  tuberofity.  Ad- 
vancing farther  on  this  external  furface,  we  obferye 
on  moft  of  the  ribs  another  fmaller  tubercle,  into 
which  ligaments  connefting  the  ribs  to  each  other, 
and  to  the  tranlverfe  proceffes  of  the  vertebras,  and 
portions  of  the  longiflimus  dorii,  are  inferted.  Be- 
yond this  the  ribs  make  a  confiderable  curve,  fome-. 
times  called  their  angle.  The  ribs  then  begin  to 
become  broad,  and  continue  ^o  to  their  anterior  end, 
whereas  near  the  fpine  they  are  nearly  round.  To 
the  fore  end  of  each  rib  a  long  broad  and  ftrong 
cartilage  is  fixed,  and  reaches  thence  to  the  fter* 
num,  or  is  joined  to  the  cartilage  of  the  next  rib. 
The  ribs  arc  twenty-four  in  number,  twelve  being 
placed  on  each  fide.  They  are  divided  into  the 
true  and  the  falfe.  ribs ;  the  fcven  uppermoft  on 
each  fide,  which  are  connefted  to  the  fternum,  being 
called  truey  and  the  remaining  ^vq  falfe. 

The  upper  rib  is  fo  placed,  that  its  connexion 
with  the  fternum  is  fomewhat  higher  than  that  with 
the  fpine,  and  the  two  connexions  of  the  fecond 
rib  are  about  horizontal  j  all  the  other  ribs,  how- 
ever, point  obliquely  downwards,  as  they  approach 
the  fternum,  and  this  obliquity  increafes  as  we  ad- 
vance tower.  A  neceffary  confequence  of  this 
ftrufturc  is,  that  when  the  ribs  are  raifcd,  they  muft 
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bebrotfghtQcarer  to  a  lighc  tng^e  wifh  t4>e  ipme^  ^i}4 
that  the  cavity  of  the  cheft  muft  be  eolafged.  The 
upper  rib  is  fixed>  but  the  iecpnd  and  eveiy  fuc* 
ceeding  rib  is  gradually  more  moveable  dian  diac 
placed  immediately  above  it. 

The  feven  upper  ribs^  called  the  true  ribs^  are, 
as  was  before  remarkecj,  conneAed  to  the  fternufn; 
the  three  upper  of  the  falfe  ribs  are  not  connei^e^ 
to  the  fternum,  but  adhere  to  each  other,  and  to 
the  cartilaginous  anterior  part  of  the  Iqweft  of  Ac 
true  ribs.  The  two  lowed  of  the  falk  ribs  are  onljr 
connected  to  the  fpine  by  one  articuladpn^and  have 
their  other  end  no  otherwile  fupportcd  than  :b)r 
the  mufclcs  and  membranes  with  which  they  aie 
fyrrounded.  Ey  thisftrudlure  the  trunk  of  the  bfodf 
is  rendered  n^ore  flexible  at  its  lower  part,  whevp 
moil  motion  is  required. 

The  uies  of  the  ribs  are  to  form  the  lateral  parts 
of  the  thorax ;  to  render  the  cavity  of  the  thorax 
larger  or  foi^ljer  in  breathing ;  to  prote<ft  .die.vi/cc» 
of.the  thorax  i  to  give  origins  and  iniertions  to  a 
variety  of  mufcles  s  and  to  fupport  the  loamcnse  or 
breads. 

The  pelvis,  {o  called  from  its  refemblance  to  a 
bafin,  conftitutes  the  loweft  part  of  the  trunk.  Its 
pofterior  part  is  formed  by  the  qs  jacrum>  and 
its  lateral  $nd  anterior  parts  by  the  Qf&  inno^ 
minata. 

The  OS  facrum  may  be  confidered  s^  a  continua- 
tion of  the  fpine ;  and  fome  anatomifis  h^vc  called 
both  this  bone  and  the  os  coccygis  I^.the.name  of 
the  falfe  vertebnc.  The  os  facrum  ifi  a  iaigp 
thick  bone,  of  j»  tmngular  forms  its  broadeft  part 
S  » 
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IS  phced  uppermoft,  and  its  narroweft  is  torned 
downwards  and  inwards.  Thepofterior  furface  of 
this  bone  is  convex,  the  anterior  concave.  Th« 
two  lateral  nnargins  of  it  are  in(irufted  with 
cartilage^  by  the  help  of  which  it  is  immovcabljr 
connected  v/ith  the  qffa  innominata.  In  the  middle 
of  this  bone  there  is  a  canal  for  the  ipinal  marrowj 
correfponding  with  that  in  the  vertebrae  of  the 
fpine ;  and  on  the  anterior  furface  there  arc  ten  per- 
forations, for  the  fai&ge  of  as  many  nerves.  Oii 
the  pofterior  part  there  are  many  protuberances^ 
which,  like  the  procefles  of  the  vcrtebne,  ferve  for 
the  ihfertioh  of  nnjufcles. 

The  OS  coc^ygis  is  a  fmall  bone  of  a  pointed 
Ihape,  adhering  to  the  lo|wer  part  of  the  os  facrum* 
The  OS  coccygis  is  in  infartcy  coi^pofed  of  feveral 
pieces  of  bone,  which  coalefce,  however^  in  the 
adult  fta,te.  It  may  be  confidered  As  a  continuation 
of  the  OS  facrumj.  and  is  bent  in  the  fame  .direction 
with  that  bone. 

The  ofla  innolminata,  which  form  the  fides  ahd 
fore  part  of  the  pelvis,  are  two  large  broad  bones, 
which  in  infancy  confift  each  of  them  of  three  dit- 
tinft  pieces  ;  but  as  we  advance  in  life,  the  inter- 
fhediate  cartilages  gradually  offify,  and  the  marks 
of  the  original  reparation  difappear,  fo  that  they 
become  one  irregular  bone.  They  ftill,  however, 
retain  the  names  of  ileum>  ifchium^  and  pubis,  by 
whicTi  their  divifibns  were  originally  diftinguifhed, 
and  are  dcfcribed  as  three  different  bones,  by  the 
generality  of  anatomifts.  The  ofla  innominata  are 
conne&ed  pofteriorly  to  the  os  facruft),  by  a  firrti 
.cartikgihous  fubftance. 

K2  The 
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The  OS  ileum  or  haunch-bonc,  forms  the  highrft 
and  moft  confiderable  part  of  the  os  innominatum. 
The  extern^  fide  of  the  ileum  is  unequally  convex, 
and  is  called  its  dorfum:  the  internal  concave  fur&ce 
is  by  fome  authors  named  its  cofta.     The  femicir- 
cular  edge  at  the  higheft  part  of  this  bone,  which 
is  tipped  with  cartilage  in  the  recent  fubjcA,  is 
named  the  fpine.     This  has  two  confiderable  pro- 
jeAionsi  one  anterior,  and  the  other  pofterior,  which 
is  the  larger  of  the  two.     Thefe  ends  of  the  Ipinc 
being  more  prominent  than  the  furface  of  the  bone 
below  them,  are  therefore  called  anterior  and  pof- 
terior fpinous  proceffcs.     Below  the  anterior  Ipi- 
nous  procefs  another  protuberance  projects,  which 
by  its  fituation  may  be  difl:inguifhed   fi-om   the 
former,  by  adding  the  epithet  of  inferior.    Between 
thefe  two  anterior  proceffes,  the  bone  is  hollowed. 
Below  the  pofterior  fpinal  procefs  a  Iccond  pro- 
tuberance of  the  edge  of  this  bone  is  alfo  to  be 
obferved,  which  is  clofely  applied  to  the  os  facrum. 
Under  this  laft  procefs  a  confiderable  niche  is  ob- 
fervable  in  the  os  ileum ;  between  the  fides  of  which 
and  the  ftrong  ligament  which  is  ftretched  over 
from  the  os  facrum  to  the  ftiarp-pointed  procefs  of 
the  Qs  ifchium  of  the  recent  fubjeft,  a  large  hole  is 
formed,  through  which  the  mufculus  pyriformis,  the 
great  fciatic  nerve,  and  the  pofl:erior  crural  veflels, 
pafs,  and  are  proteftcd  frorh  cpmprefllon.     The 
internal  furface  of  the  os  ileum  is  concave  in  its 
broadeft  fore  part,  whence  a  fmall  finuofity  is  con- 
tinued obliquely  forwards,  at  the  infide  of  the  ante- 
rior fpinous  procefs.     This  ridge  is  continued  from 
the  os  facrum,  and  corrcfponds  with  a  fimilar  pro- 
minence. 
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mincnce,  both  of  that  bone  and  of  the  Ifchium,  and 
forms,  with  the  inner  part  of  the  os  pubis,  what  isi 
called  the  brim  of  the  pelvis.  The  pofteiior  and 
iQwcr  parts  of  the  ofEi  ileum  are  thick  i  but  at  their 
middle,  where  they  are  cxpofed  to  the  aftions  of 
feveral  ftrong  mufcles,  and  to  the  preffure  of  the 
abdominal  vifccra,  they  arc  exceedingly  thin  and 
compaft. 

The  ofla.ifchii  or  hip  bones,  form  the  lower  and 
lateral  parts  of  the  pelvis :  each  is  commonly  divided 
into  its  "body,  tuberofity  and  ramus*  From  the  body 
of  the  ifchium  the  fliarp  fpinous.  procefs  ftands  out 
back  wards,  to  which  the  anterior  or  internal  fa* 
crofciatic  Jigament  is  fixed.  Between  the  upper  part 
of  the  ligament  and  the  bpnes,  it  was  formerly  ob* 
fcry  ed  that  the  fciatic  nerve,  &c.  pafs  out  of  the  pelvis. 
The  tuberofity,  or  loweft  part  of  the  ifchium,  is  large 
and  irregular,  affords  an'  origin  to  feveral  mufcles^ 
and  is  the  part  on  which  the  body  refts  in  the  pof- 
ture  of  fitting,  From  the  tuberofity  the  bone 
becomes  thinner  and  narrower  5  and  pafling  for- 
wards ^nd  upwards,,  concurs  with  the  ramus  of  the 
OS  pubis,  to  fprm  a  large  hole,  called  foramen  mag- 
num ifchii,  or  fhyroideum.  This  hole,  which  in  the 
recent  fi\h|je6l  i§  clofed  with  a  ftrong  mcmbranCj 
called  the  obturatof  ligaments  affords  through  its 
whole  circuniference  attachment  to  mufcjes. 

The  offa  pubis  conftitute  the  anterior,  or,  wh?n 
the  body  is  ereft,  the  lower  part  of  the  pelyis.  They 
are  of  an  irrregular  form,  and  as  well  as  the  other 
parts  of  the  offa  innominata  have  a  fhare  in  fbnp- 
ing  the  acetabulum.  The  two  offa  pubis  arq 
joined  together  by  cartilage  at  the  fore  part  of  th? 
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1J4  Prim^al  difffrences  hetitken    [Book  IX, 

pelvis,  -which  is  called  the  fympbyfis  pubis.  Iq 
each  OS  pubis  we  may  obftrve  the  bociy  of  die 
bone,  its  angle,  and  ramus.  The  body  or  outer 
part  is  united  to  the  os  ileum ;  the  a^gle  comes  for- 
wards to  form  the  fymphyfis,  and  the  ramus  is  a 
thin  procefs  which  unites  with  the  ramus  of  the 
ifchium  to  form  the  foramen  thyroideunri. 

The  acetabulum,  or  focket  of  the  thigh  bonc^ 
which  is  partly  formed  by  all  the  three  bones  which 
conftitute  the  ofla  innominata,  is  placed  at  the  un- 
der part  of  the  pelvis,  and  is  turned  obliquely  out- 
wards. The  acetabulum  is  not  a  j5erfeft  circle  in 
the  (keleton,  the  under  part  being  fupplied  in  the 
recent  fuhgeft  by  cartilage. 

The  OS  pubis  conftitutes  about  one- fifth  of  the 
acetabalumi  the  os  ileum  makes  Ibmething  left 
than  two-fifths,  and  the  os  ifchiqm  as  much  more 
than  two?fifths. 

Tbe  pelvis  has  two  openings,  one  above  and  one 
below  s  that  above,  when  we  (land  in  the  ere<5t 
pofture,  pointing  nearly  direftly  forwards,  that  be- 
low, nearly  dire6tly  backwards. 

The  chief  differences  between  the  male  and  fe- 
male fkeletons  are  in  the  proportions  of  the  bones 
of  the  pelvis.  The  cavity  of  the  male  pelvis  is  an 
irregular  circle;^ that  of  the  female  is  much  larger, 
and  of  an  oblong  fliape  i  the  longcft  diameter  being 
from  fide  to  fide,  and  the  Ihorteft  from  the  os  fa- 
crum  to  the  ofTa  pubis.  Hence  women  are  much 
wider  acrofs  the  hips,  in  proportion  to  their  height, 
than  men.  The  os  facrum  is  broader,  and  turned 
more  backwards  for  enlarging  the  pelvis.  The  os 
coccygis  is  more  moveable,  and  much  lefs  bent 
forwards,  to  facilitate  delivery.    In  confequencc  of 
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the  pelvis  being  wider  in  women>  the  articuUtions 
of  their  thigh-bones  muft  be  farther  removed  from 
each  other,  which  gives  them  a  different  gait  from 
men  in  running^  as  they  muft  throw  the  weight  of 
their  bodies  further  from  fide  to  fide  in  order  to 
bring  it  over  the  centre  of  gravity^  The  bones  in 
gcnteral  are*  much  finer'and  left  robtrft  inf  the  female 
than  in  the  male  ikeletoni  and  the  collar-bones  are 
lefs  curved.  The  offificatiefr of  feme  of  the  bones 
is  alfo  in  women  lefs  complete. 

The  principal  ufes  of  the  pelvis  arc  to  form  an 
arch  between  the  trunk  of  the  bbdy  and  the  lower 
extremities;  to- contain  and  proteft  the  urinary 
bladder,  the  lower  p^rt-  of  thfe'  inteftinal  canal^ 
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Chap.     VIIL 

th£  bones  op  the  inferior  extremity, 


THE  bones  of  the  lower  extremities  are  di^ 
vided  into  the  thigh-bone,  the  bones  of  the 
leg,  and  the  bones  of  the  foot. 

The  OS  femoris,  or  thigh-bone,  is  the  longed  bono 
in  the  body,  and  is  the  largeft,  thickcft,  and  ftrongeft 
of  the  cylindrical  bones.  The  lower  extrenndes 
are  connected  to  the  trunk  by  the  head  of  the  os 
femoris  being  received  into  the  acetabulum.  The 
thigh-bone  is  not  placed  in  a  perpendicular  di- 
rection, the  upper  ends  of  the  thigh-bones  being 
much  further  apart  than  the  lower  \  and  fi-om  the 
greater  width  of  the  pelvis  in  women,  this  dii^rence 
is  much  more  remarkable  in  them  than  in  men.  The 
body  of  this  bone  is  feme  what  of  a  triangular  fbrm^ 
it  is  convex  before  and  flat  behind,  and  is  marked 
particularly  behind  by  bony  ridges,  which  ferve  for 
the  connexion  of  mufclcs.  This  bone  is  perforated 
at  one  or  two  places  for  the  reception  of  blood- 
veflels. 

The  OS  femoris  is  not  a  flrait  bone,  but  is, 
arched  confiderably  forwards.  Its  head  is  turned 
inwards^  and  the  neck  is  almoft  horizontal^  con- 

fidered 
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fidered  lyith  reipeA  to  its  fituation.  with  the  bodjr  of 
ihc  bone.  Throughout  two  thirds  of  the  krtgth.of 
tJic  thigh-bone,  at  it^  poftcrior  part,  we  obfcrve  a. 
r)dge  called  thp  hnea  afpera,  which  originates  from 
the  trochanters,  and  after  running  fomc  way,  di- 
vides into  two  fmaller  ridges,  which  terminate  at 
the  condyls. 

The  head  of  the  os  femoris  is  nearly  rounds 
and  is  marked  in  the  centre  with  a  round  pit 
into  which  a  ligament,  which  ferved  to  keep  it 
fixed  in  the  focket,  was  inferted.  The  neck  ir 
i^arrower  above  and  thicker  below,  and  is  term!- 
iKited  by  a  ridge>  to  which  the  capfular  ligament  of 
the  joint  was  attached.  Below  this  ridge  are  Mo 
remarkable  procefies  called  the  trochanters.  The 
larger  of  the  trochanters  is  dircfted  outwards,  and 
is  placed  at  the  outer  fide  of  the  thigh-bone ;  the 
other  is  placed  behind,  but  points  inwards.  The 
furfaces  of  both  the  trochanters  are  very  rough,  for 
the  infcrtion  of  mufcles.  From  the  mufcles  in- 
ferted into  thefe  two  procefles  being  the  principal 
inftruments  of  the  rotatory  motions  of  the  thigh, 
they  are  called  trochanters. 

The  lower  extremity  of  the  thigh-bone  is  thick, 
and  terminates  in  two  condyls  •,  which  are  very 
flofe  to  each  other  before,  but  confiderably  removed 
behind,  where  there  is  formed  a  fafe  canal,  through 
which  a  large  artery  paflfes  to  arrive  at  the  leg* 
Behind  are  alfo  two  cavities  which  receive  ligaments 
crofling  each  other  for  Itrengthening  the  connexion 
of  the  o§  feipojis  with  the  larger  bone  of  the  leg* 

•  By  the  word  condyl  is  meant  the  large  extremity  of  a 
toe,  refembling  the  knob  of  a  clubt>e4  ftick. 
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The  OS  ftmoris  is  united  to  the  trunk  by  that  kind 
of  joint  which  admits  of  motion  in  all  direftions  j 
lart  here  this  motion  b  in  fomc  dircftiow  mudi 
limited  by  the  capfular  ligament  of  the  joint,  Thr 
fobftancfr  of  this  bope,  as  of  all  the  cylindrical 
bents,  i$  6rm  in  the  middle^  and  ipongy  towanis  the 
extremities. 

The  leg  has  three  bone^,  the  tibia^  the  fibula^  ^Lni 
thepateilat  The  tibia,  which  is  the  principal  bone 
of  the  leg>  is  a  cylindrical  bone  of  a  triangolar 
ftrm,  larger  above  than  below,  The  upper  end 
of  the  tibia  is  large,  bulbous,  andlj^ongy,  and  i$ 
divided  into  two  cavities  by  a  rough  irregular  pro* 
^betance,  which  is  hollow  at  its  -moft  prominent 
part,  as  well  before  a»  behind.  The  tiyo  |>road 
cavities  at  the  fide  of  this  protuberance  arc  no5 , 
equal ;  for  the  internal  is  oblong  and  deep,  for  re- 
ceiving the  internal  condyl  of  the  os  femoris ;  while 
the  external  is  more  fupcrficialand  rounder,  for  the 
external  condyl.  The  circumference  of  theft? 
cavities  is  rough  artd  unequal,  for  the  firm  connec- 
tion of  the  ligaments  oftbe  joint.  In  this  manner 
is  formed  a  hinge  or  joint,  which  admits  of  modon 
in  onlyi^two  direftions;  At  the  back  part  of  thi^ 
taanor  the  fame  canal  is  continued  between  the  cort^ 
dyh,  for  tranfmitcing  blood^veflels  and  nerves,  as 
in  the  osfcnK)risj  and  there  are  two  eminences 
fw)  the  infertton  of  the  other  ends  of  the  crucial 
ligaments^  At  the  aftterior  part  of  this  bone  is  a 
cavity  for  the  reception  of  the  patella,  which  cor- 
r^fponds  with  one  between  the  condyls  of  the  <w 
femoris^  Below  the  external  edge  of  the  uppet 
end  of  the  tibia  is  a  flat  furface  of  cartilage^  for 
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theconnefUon  of  the  fibula ;  and  at  its  lower  end  there 
is  a  longitudinal  cavity  on  the  outfide>  for  receiving: 
}ixc  lower  part  of  the  fame  bone.    On  the  internal 
part  of  the  bottom  of  the  tibia  is  a  procefs>  which 
jfbrms  the  inner  malleolus  or  ankle-bone.    StiU 
lowpr^  at  the  extrcn^ity  of  the  tibia,  is  a  tranfverfe 
a^culating  cavity,  covered  with   cartilage,    and 
4ivide4  by  a  ridge,  which  receives  a  bone  of  the 
foot  called  the  aftragatus.     The  body  of  the  tibia 
ha$  thf^e  angles,  and  as  many  flat  furfaces.     One 
pf  the  flat  fprfaccs  is  turned  directly  backwards^., 
and  one  pf  the  angles  is  placed  dirt&\y  at  thefore* 
part  of  the*  bone,  aiid  is  that  fharp  ridge  which  is; 
felt  by  the  finger,  being  only  covered  by  the  cootp. 
pion  integuments  of  the  body%    Another  angjb^  i*. 
called  the  pofterior  and  internal,  and  terminates  in 
the  inner  ankle-t^ne ;  and  the  third  is  called  the 
pofterior  and  external  angle,  and  gives  conne&ioa- 
to  the  interofleous  liganojent,  which  paflfes  from  this 
bone  to  the  fibula. 

The  fibula,  which:  is  .nearly  oppofed  to  the  laft* 
mentioned  angle  of  the  tibia,  is  a  triangular  and^ 
very  thinbon^  nearly  as  long  as  the  tibia^    Its; 
fuperior  extremity  is  united  to  the  head  of  the  tibia 
by  means  of  cartilage.    Its  head  does  not  rife  quite 
fa  high  as  that  of  the  tibia,  and  has  there&rc  -na ' 
connf  dion  with  the  os  femoris ;  its  lomsr  extretniqr  ^ 
is. (lightly  conneded^tOithe  aftragalas,  and  format 
the  external  ankle.    Its  chief  ufes. are > to  aibnl 
room  for  the  connexion  of  mufcles,  to  extendthe^ 
interofleous  ligament,  and  ^  give  greater  fic|nnela^ 
fo.the  coone&ion  of  the  .tibia  with^the&oc 

The 
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The  patela,  rotula,  or  knee-pan,  is  a  fmall  flat 
bone  of  a  fomewhat  triangular  form,  which  is 
placed  at  the  fore  part  of  the  leg,  where  the  tibia 
is  conncftcd  with  the  os  femoris.  The  anterior 
convex  furface  of  the  patella  is -pierced  by  a  great 
number  of  holes,  into  which  enter  fibres  of  the 
ftrong  ligament  which  is  fprcad  over  it.  Behind,  its 
furfece  is  fmooth,  covered  with  cartilage,  and  di- 
vided by  a  middle  convex  ridge  into  two  cavities, 
both  of  which  are  exadtly  adapted  to  die  pulley  of 
the  OS  femoris.  The  fubfttnce  of  the  patella  is 
cellular,  but  the  cells  are  fo  fmall  that  it  is  a  very 
ftrong  bone,  lt$  ufes  are  to  proteft  the  joint,  and 
to  anfwer  the  purpofc  of  a  pulfcy  to  the  mufclea 
which  extend  the  leg. 

The  foot  is  compofed  of  the  bones  of  the  tarftis, 
mctatarius,  and  toes.  It  is  convex  abovcf,  concave 
below,  and  has  a  confiderable  projection  behind. 

.  The  tarfus,  which  is  connedtd  witTi  the  bones  of 
the  leg,  confifts  of  fcven  pieces  of  bone^  the  aflra^ 
galus,  the  os  calcis,  the  os  naviculare,  the  os  cuboi* 
deum,  and  the  throe  pfla  cunciformia.  The  aftra- 
galus  occupies  the  pofterior  and  upper  part  of  the 
foot,  and  is  the  bone  on  which  the  bones  of  the  leg 
immediately  depend  for  fupport.  The  os  calds 
forms  tlic  projedion  of  the  heel  j  it  is  of  a  very 
irregular  form,  and  is  divided  into  the  body,  which 
points  backwards,  and  an  anterior  procefs  by 
which  it  isL  connected  with  the  aflragalus  and  the  os 
cuboideum.  The  os  ilaviculare  is  placed  before 
the  afiragalus,  and  towards  the  infideof  the  foot  ^  it 
derives  its.  name  fron;i  its  fuppoipd  rdcmblance  to  a 
boiiCt    The  OS  cuboideum  is  placed  before  the  os 

calcis^ 


Chap.  8.]  Bcnes  if  the  Foot.  14? 

calcis,  and  towards  the  outfide  of  the  foot.  The 
three  offa  cunciformia  are  placed  before  the  os  na- 
viculare,  near  tb  each  other,  and  are  fo  called  from 
their  appearing  like  wedges  driven  in  among  the 
other  bones  of  the  foot.  The  fubftance  of  the  ofla 
tarfi  is  fpongy,  and  they  are  fo  conncfted  together 
by  cartilage  as  not  to  adniit  of  much  motion  upon 
^cach  other.    * 

The  metatarfus  confifts  of  five  cylindrical  pieces 
of  bone,  interpofed  between  the  tarfus  ai^'thc 
bones  of  the  toes.  Their  upper  furface  is  conyex» 
their  lower  furface  ccjncave  \  their  pofterior  extre- 
mity is  concave  where  they  are  connected  with 
the  tarfus,  and  their  anterior  extremity  is  furnifhed 
with  condyls,  by  which  they  are  faftened  to  the 
bones  of  the  toes. 

The  bones  of  the  toes  are  connefted  to  thofe  of 
the  metatarfus.  The  great  toe  has  only  two  joints, 
the  reft  three,  and  in  this  refpeft  they  refemble  the 
fingers  and  the  thumb.  There  are  fometimes 
found  fmall  bones,  which  are  called  ofla  fefamoi- 
dea  J  thefe  chiefly  occur  between  the  firft  and  fe- 
cond  joints  of  the  great  toe  and  thumb,  and  as  they 
ahfwer  the  iame  purpofes,  viz.  that  of  removing 
the  tendon  further  from  the  axis  of  motion,  maybe 
confidered  as  fmall  patellae.  They  arc  almoft  ex- 
clufively  found  in  perfons  advanced  in  life  and 
inured  to  h^rd  labour,  and  therefore  are  by  fQme 
fuppofed  to  owe  their  origin  to  friftion. 
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THE  BONKS  OF  THE  SUPERIOR  EXTREMITY  j 
WITH  A  BRIEF  COMPARISON  OF  THE  HU- 
MAN SKELETON  WITH  THAT  OP  MUTES. 


'Suns  of  the.  Humerus  ^''-^Os  BracchiL*^Antihraccb:um,^''^B9mes  rf 
thi  Hand^^^Re/imhUmce  hetivten  the  fuferior  and  infarhr  Ex* 
frtmt9et.'''^^mfarifim  Setween  the  Hustum  Skekton  and  thai  ef 
^nairufidu 


TH  E  fuperior  extremity  is  divided  into  the 
humerus  or  fhoulders  the  brachium  or  krmi 
the  antibrachium  or  fore-arm  i  and  the  manus  or 
^lahd. 

The  humerus  is  compofcd  of  two  bones,  the  Ica- 
pula  or  (houlder-blade,  and  the  ckvicula  or  collar-^ 
bone.  The  point  where  thefc  two  bone^  tmice  is 
the  top  of  the  Ihoulder.  The  (capula  is  a  flat  thirt 
bone  of  a  triangular  fhape.  It  is  fituaced  at  the 
upper  part  of  the  back,  and  extends  from  the  (irft 
to  about  the  fcvcnth  rib.  One  of  the  furfaccs  of  drt 
fcapula,  which  is  concave,  is  applied  to  vthe  trunk 
of  the  body ;  the  other,  which  is  convex,  and  racat 
uneven,  is  turned  outwards  j  fo  that  the  form  of  th< 
bone  may  be  plainly  difcerned  in  the  living  peribrii 
The  external  furface  is  divided  by  a  projecting  ridge 
of  bone,  called  the  fpine  of  the  fcapula,  into  two 
partS)  the  upper  of  which  is  much  narrower  and 
linalkr  thao  the  lo^er.  The  fcapula  has  three  an- 
gles, 
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j^t%^  and  chrce  fides  or  margins.    With  reipe^  to 

ithc.maf^n?i  that  which  is  placed  nc;ct.the  fpinc  m 

^by  far  the  longeft,  and  is  therefore  fometimes  called 

the  hale  of  the  fcapula ;.  chat  which  foroQS  the  upper 

j3(ar(.of  the  bone  is  nesu-ly  horizontal,  and  is  paral-- 

Jcl  to  thejecond  rib^  and  isrtke  ihorceft  and  thinncft^ 

the  remaining  margin^  which  defcends  obliquelf 

frorp  the  point  of  the  (houlder  to  the  inferior  aqgle^ 

is  by  far  tlac  thickeft.and  ftrongcft. 

Xheproceffcs  of  riiis  bone  arc  the  coracoid,  fb 
rcalled  fromiits  rcfemblancc  to  a:  crow's  beak,  which 
,rifes  from  the  anterior  part  of  the  fupcrior  njargia 
of  the  fcapula;  and  the  acromion,  which  is  a  bro^d 
^nd  flat  procefs  of  the  fpine,.placcd  at  the  top  of  the 
Jhoulder,  9iJad  is  the  whole  thick  bulbous  fore  part  of 
the  bone.  Near  the  fore  part  of  the  fuperior  mar-  - 
gin  is  a  fcntiilunar  niche,  from  one  end  of  which  to 
the  odicr  a  ligament  is  ftretchcd  i  and  fometimes 
the  bone  is  continued  to  form  one  or  two  holes  for 
the  pafiage  of  the  fcapubr  blood- veflcls  and  nervcsu 
from  the  niche  to  the  termination  of  the  fofla  (in 
which  a  mufcle  called  the  teres  major  is  attached) 
the  fcapula  is  narrower  than  any  where  clfc,  and 
this  part  has  therefore  been  called  its  neck. 

The  cavities  of  the  fcapula  arc  the  glenoid  ca- 
vity, wider  below  than  above,  and  covered  with 
cartilage  for  the  reception  of  the  bone  of  the  arm ; 
and  feveral  fmaller  cavities  for  the  connexi.oa  of 
'   mufcles,  and  other  ufes.    . 

The  texture  of  the  fcapula  is  firm,  but  the  bone 
is  fo  thin  as  at  mod  places  to  be  tranlparent.  Jc 
is  CQnncfted  by  a  ball  and  focket  to  the  bone  of 
the  aroii  by  the  intervention  of  cartilage  to  ^ 

clavicle  % 
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clavicle ;  and  with  the  head,  the  os  hyoidesi  the 
fteAium,  the  ribs,  and  the  back-bone,  by  means  of 
mufdes.  Its  ufcs  are  for  the  articulation  of  the 
arm- bone,  for  the  infertion  of  a  great  number  of 
mufclcs,  to  add  force  and  extenfivenefs  to  the  mo- 
fions  of  the  arm,  and  to  be  a  defence  to  the  pofterior 
part  of  the  trunk. 

.  The  clavicula,  clavicle,  or  collar-bone,  is  a  cylin- 
drical bone,  placed  almoft  horizontally  between  the 
fide  of  thefternum  and  the  acromion  of  the  fcapula. 
Its  figure  is  fomewhat  like  that  of  the  lettery^  and 
it  received  its  nanrtc  from  a  fuppofed  rclcmblancc 
to  the  key  ufed  among  the^'ancicnts.  The  clavide, 
as  well  as  other  long  cylindrical  bones,  is  larger  at 
its  ends  than  at  its  middle.  The  end  next  the 
ftcrnum  is  triangular :  the  angle  behind  is  cohfidcr- 
ably  protruded,  to  form  a  fharp  ridge,  to  which  the 
tranfverfe  ligament,  extended  from  one  clavicle  to 
the  other,  is  fixed.  It  is  for  the  moft  part  convex 
without,  and  concave  within.  One  end  of  die  da- 
vicle  is  connc6ted  by  a  ball  and  focket  with  the 
fternum,  and  the  other  by  cartilage  to  the  acromion 
of  the  fcapula.  Its  ufes  are  to  fupport  the  (houlder 
andf  other  parts  of  the  fuperior  extremity,  to  pro- 
teft  fome  large  veflels  in  their  paffage  to  the  arm,  - 
and  to  connedt  the  fcapula  to  the  thorax. 

The  OS  brachii,  or  as  it  is  fometimes  called  the  . 
OS  humeri,  is  a  cylindrical  bone,  the  round  head  of 
which  is  received  into  the  glenoid  cavity  of  the 
.fcapula;  It  is  larger  and  rounder  at  its  upper  part, 
and  fmaller  and  flatter  below.  It  has  three  pro- 
jefting  lines,  and  as  many  flat  furfaces,  by  which 
form  it  admits  of  a  more  advantageous  and  extcn- 
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five  connexion  of  mufclcs,  than  if  it  had  been  a 
limpfe  cylinder,  3Brhich  is  not  to^  be  found  in  any 
bone  of  the  body,  though  all  the  long  bones  ap- 
proach to  \ti  This  bone  hks  many  circumftances 
df  ftrufture  in  common  with  the  os  feradris.  Like 
that  bone  it  is  articulated  by  a  round  head,  whicTi 
Is  furroUnded  by  a  capfular  ligament,  and,  like  it,  has 
proceflcs  for  the  connexion  of  mtifcles  j  but  thefe 
procelles  are  much  Icfs  remarkable  in  the  6s  hu- 
meri than  in  the  os  femoris;  At  the  lower  extremity 
bf  this  bone  we  obferve  feveral  proccffes  and  ca- 
vities. The  mod  remarkable  proceffes  are  the  two 
tondyls;  of  thefe  the  external  is  the  fmaUeftj  and 
is  of  an  irregular  oblong  fhape.  The  internal  is 
more  protuberant^  and  fervesi  as  well  as  the  former^ 
to  give  origin  to  many  mufcles.  Betweeh  thefe  two 
condyls  are  two  lateral  protuberances,  which>  toge- 
ther with  a  middle  cavity,  form  a  Jcind  of  pully,  on 
Which  th«  motions  of  the  fore^arm  are  chiefly  per- 
formed. 

The  antibrachiilm.  Of  fore-arm,  confifts  of  two 
bones^  the  ulna  and  the  radius.  The  ulna^  which 
Is  the  longer  of  the  two  bones,  and  is  that  by  which 
the  fore-arm  is  chiefly  connftded  with  the  arm,  is 
larg^  above  and  fmall  below^  and  is  of  afi  Irregular 
cylindrical  form.  At  the  fuperior  extfemity  of  the 
Ulna  there  arc  two  proceffes,  a  larger  one  called  the 
olecranon^  placed  pofteriof ly,  and  a  fmaller,  called  the 
coronoidj  at  the  anterior  part.  At  the  upper  end  of 
the  ulna,  between  thefe  proceffes,  is  a  cavity  divided 
by  a  projefting  line,  and  covered  with  fmooth  car- 
tilage^  fot  the  reception  oi  the  correfponding  pro- 
jc6tions  of  the  os  humeri.    There  is  another  cayiry 
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at  the  fide  of  the  coronoid  proccfs,  covered  with  car- 
cilage>  on  which  the  fuperior  end  of  the  radius  rolU 
in  feme  of  the  motions  of  the  hand.  At  tKe  lower 
extremity  of  the  uhia,  which  is  much  fmaller  than 
the  upper,  is  a  head  with  a  flight  excavation,  and  a 
fmall  procefs  called  the  ftyloid,  which  forms  a  projec- 
tion at  the  lower  end  of  the  fore-arm,  on  the  fame 
fide  with  the  little  finger,  not  unlike  the  ankles. 
The  ulna  is  firmly  connedbed  above,  by  a  hinge 
joint,  to  the  os  humeri,  laterally  to  the  radius,  and 
flightly  below  to  fhe  carpus,  and  its  articuIationjB 
are  every  where  firmly  fecured  with  ligaments. 

The  radius  is  a  bone  of  nearly  the  fame  foniij 
fize,  arid  appearance,  with  the  ulna.  As  the  larger 
end  of  the  ulna  is  firmly  connefted  with  the  os  hu- 
meri, fo  that  of  the  radius  is  conncfted  to  the  car- 
'  pus.  On  the  contrary,  the  conrtcfl  ions  of  the  ulna. 
with  the  carpus,  and  of  the  radius  with  the  os  humeri, 
are  ^ttj  inconfiderable ;  the  fmaller  end  of  the  one 
"bone  Being  oppofed  to  the  larger  of  the  other,  and 
depending  on  it  for  fupport  and  firmneis.  The 
ends  of  thefc  two  bones  are clofely  joined  together; 
their  middle  parts  recede  from  each  other,  with 
the  intcrpofition  of  an  interofleous  ligament,  fimi- 
'lar  to  that  between  the  tibia  and  fibula.  At  the 
upper  efid  of  die  radius  is  a  (hiall  cavity,  which 
receives  die  outer  protuberance  of  the  os  humeri, 
and  the  projecting  ridge  furrounding  this  cavity 
rolls  in  a  fmall  finus  at  tliC  upper  end  of  the  ulna,  ia 
wlwch  fituation  it  is  held  by  a  ring  of  carrikgc  At 
the  bottom  of  the  radius  there  is  alfo  a  Cmilar  finus, 
which  receiires  the  lower  end  of  the  ulna.  The 
radius  is  diereforc  joined  to  the  ulna  by  a  double 
2  artkubtioni 
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articulation  i  for,  above^  a  tubercle  of  the  radius  plajrs 
in  a  focket  of  the  ulna,  whilft  below,  the  radius 
affords  the  focket  ^nd  the  ulna  the  tubercle.     The 
motion,  however,  performed  in  thefe  two  is  very 
different  j  for,  at  the  upper  end,  the  radius  does  no 
more  than  turn  round  its  axis,  while,  at  the  lower 
end,  it  moves  in  a  fort  of  cycloid  upon  the  round 
part  of  the  ulna ;  and  as  the  hand  is  here  articu- 
lated and  firmly  connefted  to  the  radius,  they  muft 
move  together*     The  ulna,  being  conncfted  by  a 
hinge-joint  to  the  os  brachii,  has  fcarcely  ftny  other 
motion  than  that  of  flexion  and  extenfion,  in  which 
it  carries  with  ittheradiusi    The  motions  of  the 
hand,  in  which  the  palm  is  turned  either  upwards 
or  downwards,  are  performed  by  thofe  of  the  ra- 
dius on  the  ulna,  carrying  with  it  the  hand.     Ji'rom 
thefe  circumftances  it  appears,  that  the  ulna  more 
particularly  belongs  to  the  os  humeri,  and  the  ra- 
dius to  the  carpus.     The  ulna  fomctimes  carries 
with  it  the  radius,  but  the  radius  never  moves  the 
uba>  which,  like  the  tibia  is  connedted  by  a  hinge- 
joint,  and  has  motion  only  ip  two  diredtions.     The 
radius  is  fo  intimately  connefted  with  the  hand,  and 
is  fo  much  employed  in  its  principal  motions,  that 
it  has   been  called  pianubrium  manus,  or  the  handle 
of  the  hand.     Without  this  peculiar  mechanifm, 
the  motions  of  the  fore-arm  would  be  as  confined 
as  thofe  of  the  leg  j  but  providence,  which  has  pre-^ 
ferrcd  the  more  firm  and  fecure  ftrufture  in  a  part 
which  was  deftined  to*  fupport  the   body,    "has 
adapted  the  fore-arm,  by  this  beautiful  and  admi- 
rable contrivance,  for  the  performance  of  a  number 
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of  motions,  with  which  a  hinge-joint  would    be 
, quite  incompatible. 

The  bone's  of  the  hand  are  divided  into  thofc  of 
the  carpus,  metacarpus,  and  fingers  •     The  carpus 
or  wrift  is  formed  of  eight  bones,  which  we  fmaHy 
of  irregular  fliapesi  and  diftinguiihed  into  two  feries« 
The  form  of  the  carpus  is  iquare  j  that  fur&cc,  which 
is  contiguous  to  the  palm  of  the  band,  is  concave, 
the  oppofitc  ii  convex.    Each  of  the  two  feries  of 
bones,  which  compofe  the  carpus;  confifts  of  four 
pieces.  The  firft  feries,  or  that  whicH  is  placed  next 
the  bones  of  the  fore-arm,  confifts  of  the  os  navi- 
culare,  the  os  femilunare,  the  os  cunriforme,  and  the 
OS  pififorme.    The  bones,  which  form  the  other 
feries,  are  the  os  multangulum  majus>  the  os  mul- 
tangulum  minus,  the  oscapitatum>  and  theos  eunei- 
forme.     Thcfe  bones  are  covered  wirfi  cartilage, 
and  are  varioufly  articulated  with  the  bones  with 
which  they  are  in  contaft.     The  principal  ufe  of 
fo  great  a  number  of  bones  in  the  wrift  is  to  render 
the  hand  more  flexible.     The  back  part  of  die 
hand  is'convex,  for  greater  firmnefs  and  ftrengdi; 
the  palm  concave,  for  containing  more  furely  and 
conveniently  fuch  bodies  as  we  take  hold  of.     The 
upper  part  of  the  hand  has  an  obfcure  motion  in 
tomparilbn  with  the  remainder,  andferves  as  a  bafe 
to  the  fingers. 

With  refpedt  to  the  metacarpal  bones,  and  thofc 
of  the  fingers,  they  are  k  neaiiy  fimilar  to  thofb 
of  the  metatarfus  and  toes,  that  nothing  need  b: 
added  concerning  them. 

The  reader  muft  undoubtedly  have  been  ftruck 
widi  the  great  refemblancc  of  ftrudture  between 
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the  inferior  and  fuperior  extremities.  The  os  hu- 
meri has  many  points  of  refcmblance  to  the  os  fe- 
tnoris^  the  tibia  and  fibula  to  the  radius  and  ulna^ 
arid  the  bones  of  the  carpus,  metacarpus,  and  fin* 
gers  to  thofe  of  the  tarfus,  metatarfus,  and  toes. 

Before  the  anatomy  of  the  bones,  however,  is 
concluded,  it  will  be  proper  to  make  a  few  general 
remarks  on  the  fkeleton  of  quadrupeds. 

In  quadrupeds  we  obferve  the  fame  general  out^ 
Kncs  of  ftrufture  in  the  ofleoxis  fyftcm  as  in  man» 
Their  fkeletons  divide  themfclvcs  into  head,  trunk,  ' 
and  extremities  ;  and  each  of  thefe  divifions  bears 
a  ftriking  refemblance  to  the  fame  divifion'in  the 
flceleton  of  the  human  body.  The  cavity  of  ^  the 
cranium  is  much  fmaller  in  quadrupeds  than  in 
man,  in  proportion  to  the  other  parts,  but  the 
bones  of  the  face  are  much  longer  5  and  with  rclpeft 
to  this  circumftance,  as  well  as  many  others,  the  x 
monkey  holds  a  middle  place  between  mankind 
jmd  quadrupeds.  ^ 

The  fpine,  as  in  man,  is  conncfted  to  the  cra- 
nium; but  in  quadrupeds  this  bony  column,  in- 
ftead  of  being  placed  vertically,  is  placed  hori- 
zontally; in  both,  however,  the  ftrufture  is  the 
feme,  and  the  part  is  fubfervicnt  to  the  fame  pur- 
pofes.  The  other  parts  of  the  trunk  are  alfo  very 
fimilar  to  the  fame  parts  in  man;  and  the  fi>rm 
-and  relative  fituation  of  the  fternum  and  ribs  are 
nearly  the  fame,  but  the  latter  are  more  numerous 
in  quadrupeds.  The  fame  refemblance  is  mani- 
felled  in  the  bones  of  the  pelvis,  except  that  the  os 
coccygis  is  continued  beyond  the  other  parts  of  the 
body,  and  forms  the  tail.  The  upper  part  of  both 
^L  3  cxtrc- 


J50  Skeleton  of  ^adrupeds.      [Book  IX. 

extremities,  as  in  man,  is  formed  of  one  piece  of 
bone,  the  lower  part  of  two,  and  in  many  quadru- 
peds there  are  bones  which  correfpond  with  the 
carpus  and  tarfus,  the  fingers  and  the  toes.  The 
clavicula  or  collar-bone  is  in  general,  however, 
wanting  in  quadrupeds,  and  is  only  found  in  mon- 
keys, fquirrels,  and  fome  other  animals,  which  are 
Ikilful  in  climbing,  and  which  employ  their  fore  legs 
for  other  purpofes  than  that  of  travelling.  In  fhorc, 
the  fkeleton  of  the  quadruped  is  fo  fimilar  to  that  of 
man,  that  when  the  (keleton  of  the  former  is  placed 
cre6t  on  the  hind-legs,  it  may  eafily,  by  perfbns  unac- 
quainted with  anatomy,  be  miftaken  for  that  of  the 
latter. 

The  figure  in  Plate  II.  reprefcnts  a  fix>nt  view 
of  the  human  (keleton,  with  fome  of  the  ligaments 
and  cartilages,  which  conneft  the  bones  to  each 
other. 

Head    and  Neck. 

a^  Os  fronti?. 
by  Os  parietale. 

Between  a  and  by  part  of  the  coronal  fiiturjC, 
,  Cy  The  pars  fquamofa  of  the  temporal  bone. 
Between  b  and  Cy  the  fquamous  future. 
Below  the  pars    fquamofa,  the  zygoma;   and, 

lower  down,  above/,  the  maftoid  procefs. 
Between  the  pars  fquamofa  and  the  cavity,  which 
contains  the  eye -ball,  called  the  orbit  y  the  tem- 
poral procefs  of  the  fphcnoid  bone  is  fecn, 
dy  Os  malas. 

Above  dy  a  portion  of  the  tranfverfe  future, 
fy  Os  maxillare  fuperius,  with  the  eight  teeth  of  the 
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The  nafalprocefs  of  the  fuperior  maxillary  bon# 
has  the  os  nafi  joined,  by  the  lateral  nafal  fu- 
ture, to  its  infide ;  and  at  the  outfide,  within 
the  orbit,  the  os  unguis. 

The  ofla  nafi  joined  to  each  other  before,  by  the 
anterior  nafal  future. 
f^  Os  maxillare  inferius  with  fixteen  teeth  \  the  four 
anterior  named  inci/ores,  the  two  comer  ones 
cantni,  apd  the  five  pofterior  on  each  fide 
molares. 

Oppofite  to/,  the  angle  of  the  lower  jaw -j  above 
/,  the  condyloid  procefs,  by  which  the  jaw  is 
connedled  to  the  temporal  bone,  at  the  root 
of  the  zygoma  -,  and  behind  the  os  mal^,  the 
coronoid  procefs. 
ly  The  feven  cervical  vertebrae,  widi  their  Jntermcf- 
diatjK  cartilages. 

Oppofite  to  gy  their  tranfverfe  proceffes. 

Trunk. 

tf,  Sternum. 

a,  its  middle  piece,  to  which  one  half  of  the  carti- 
lage that  connefts  the  fecond  rib,  the  whole  of 
the  c;*rtilages  of  the  third,  fburth,  fifth,  fixth, 
and  one  h^f  of  the  feventh,  are  fixed. 
Above  ay  the  firft  or  upper  triangular  piece,  to 
which  the  clavicle  and  one  half  of  the  cartilage 
that  connefts  the  fecond  rib  are  fixed. 
Below  a,  the  extremity,   or  third  piece  of  the 
ftcrnum,  named  the  cartilago   enfiformisy  to 
which  one  half  of  the  cartilage  tha;  connects 
the  feventh  rib  ii  fixed. 
iy  The  feventh,  or  laft  true  rib. 
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j         €^  The  twelfth,,  or  laft  of  the  five  falfe  ribs. 

:         </,  The  five  lumber  vcrtcbne,  with  their  intermcdir 

\  ate  cartilagea. 

;  Oppofite  to  dy  their  tranfverfe  proceflcs# 

ij  The  OS  facrum,  with  its  five  divifions* 

yi  Os  innominatum,  divided  iptq 
:  g^  Os  ilium, 

b,  Os  pubis, 

/,  Os  ifchium. 

Oppofite  tp  i,  the  foramen  thyroideunt, 

Sup£B.fOR    Extremity* 

J  <?,  The  clavicle  fixed  before,  to  the  firft  piece  of 

I  the  ftcrnum,  and  outwards  to  the  acromion  of 

j  the  fcapula. 

,  ty  The  ifcapqla. 

I  Above  by  the  cervix  of  tlje  fcapula. 

Oppofite  to  it,  the  inferior  cpfta  j  and  below  the 
outward  extremity  of  the  clavicle,  the  fuperior 
;  cofta,  and  coracoid  propefs,  arc  feen. 

€y  the  OS  humeri. 

The  upper  end  of  it,  which  is  connefted  to  the 
cavity  of  the  fcapula,  named  the  gknoid^  below 
the  acromion,  is  named  its  bead  or  balli  on 
each  fide  of  which  is  feen  the  tubercles,  named 
the  external  and  internal  %  and  between  thefe, 
a  groove  for  lodging  the  long  head  of  the  biceps 
flexor  cubiti. 
d.  The  internal  condyle. 
ey  The  external  condyle. 

Between  d  and  r,  the  trochlea,  upon  which  the 
tAminoves. 
/,  The  radius. 

-.--.--       .    -     —-JChc.. 
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The  upper  cnd^  which  moves  on  the  es^ternal 
condyle  of  the  os  humeri^  is  named  its  headi 
below  that,  the  tubercle  for  the  infertion  of 
the  biceps  flexor  cubiti,  and  between  thefe  the 
cervix. 
The  inferior  end  of  it  is  connected  to  the  carpus, 
^,  Ulna. 

The  upper  end  of  it  forms  the  coronoid  proccft, 

for  the  infertion  of  the  brachialis  mufcle. 
The  inferior  end  has  a  proaefs  named  thtjiyloid^ 
which  is  connedted  to  the  carpus  by  a  lig^r 
-ment.  . 
h.  The  carpus,  formed  of  eight  bones, 
I,  Metacarpal  bone  of  the  thumb, 
/t.  The  metacarpal  bones  of  the  four  fingers. 
/,  The  two  joints  of  the  thumb. 
f».  The  three  joints  or  phalanges  of  the  fore-fingeri 
and  the  fame  are  feen  in  each  of  the  other 
three. 

Inferior  Extremity. 

^,  Os  femoris. 

The  upper  end  of  it  is  named  its  bead  or  ball, 
which  is  lodged  in  a  deep  focket  of  the  os  in- 
nominatum,  named  the  acetabulum. 

Between  the  head  and  trochanter  major,  the 
cervix. 

hi  Trochanter  major. 
r,  Trochanter  minor. 
d^  Internal  condyle. 
iy  External  condyle. 
/,  Patella. 

The  place  where  it  moves  upon  the  os  femoris, 
is  named  the  trochlea. 
i,  Tibia. 

Between 
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!  Between  the  tibJa  and  the  condyles  of  the  os  fe- 

I  moris,  the  feniilunar  cartilages  are  fccn  ;   and 

below  the  joint,  the  tubcrdc  of  the  titna. 
hi  Fibula. 

f.  Malleolus  internus. 
iy  Malleolus  externus, 
/,  Oscalcis. 

Between  /  and  m^  the  other  fix  bones  of  the  tar- 
fus, 
my  Metatarfal  bones  of  the  four  toes, 
fly  The  three  joints,  or  phalanges,  of  the .  four  toes. 
^,  Metatarfal  bone  of  the  great  toe, 
fy  The  two  joints  of  the  great  toe. 

The  figure  in  plate  III.  reprefents  a  back  view 
of  the  human  flceleton,  with  fonie  of  the  ligam^nci 
and  cartilages  which  conne£k  the  bones, 

i  Head    and   Neck. 

j  ij,  Os  parie tale,  joined  to  its   fellow  by  the  lagittal 

future. 
/,  The  OS  occipitis,  joined  to  the  parietal  bones  by 
the  lambdoid  future,  which  is  between  a  and  i. 
r,  Os  mate. 
dy  Maxilla  inferior,  with  a   view  of  the  teeth  of 

both  jaws  from  behind.  \ 

iy  The  feven  cervical  vertibras. 

Trunk. 

M.  The  feventh  or  laft  true  rib, 

hy  The  twelfth  or  laft  rib. 

r.  The  five  lumbar  vertebras, 

dy  Os  facrum. 

4y  Ofir  coccygis. 

/,  Os  innominatum,  divided  into 

X,  0$ 


rtxL.in 
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g^  Os  ilium. 
b^  Os  pubis. 
i,  Osifchium. 

Superior  Extrbmity. 
Cy  The  clavicle^  joined  outwards  to  the  acromion 

of  the  fcapula. 
b.  The  fcapula. 
Cj  Os  humeri. 
dy  Internal  condyle. 
ey  External  condyle. 
^fy  Radius. 
gy  Ulna,  its  upper  end,  named  ok&anm\  and  near 

the  wrift,  its  ftyloid  procefi. 
by  The  eight  bones  of  the  carpus. 
iy  The  metatarfal  bone  of  the  thumb. 
ky^  The  metatarfal  bones  of  the  four  fingers. 
/,  The  two  joints  of  the  thumb. 
»,  The  three  joints  or  phalanges  of  the  four  fingers* 

Inferior   Extremity. 
ay  Os  femoris. 
ky  Trochanter  major,  and  at  the  infide  of  it  the 

cervix. 
Cy  Trochanter  minor. 
4y  Internal  condyle. 
fy  External  cpndvlf  • 
/,  Tibia. 
gy  Fibula. 

lly  Malleolus  internus. 
j.  Malleolus  externus. 
ky  The  feven  bones  of  the  tarfus, 
/,  The  mctatajrfus. 
jny  The  joints  or  phalanges  of  the  toes. 

Chap* 


^ 


I    t^6    ]  [Bookll. 

/ 

\ 

Chap.    X. 

STRUCTURE    OF    THE    MUSCLEJ. 

Gitural  Difcriftion  of  Mu/cUs,'^Oh/ir<vaisons  of  ibt  AUt  /«•• 
iana^f^^Of  Liwtnboek, — MufcUs  compofed  of  fauUl  Fihns,wm 
Stru^ttri  tf  dtffertnt  MufcUs.^m'Antagomfii^mfMmfiies  rf  tk 
'  Foptus. 

THE  bones,  confidercd  with  relation  to  the' 
motions  of  the  body,  are  cnerely  levers ;  let 
us  now  confider  the  ftrudnreof  the  mufcles,  which 
are  the  immediate  fources  of  ^1  the  motions  of  the 
animal  machine* 

The  animal  fubftance,  which  the  anatpmlft  calls 
mufcle,  is  that  which  in  common  language  p^ 
junder  the  name  of  the  lean. or  flefti  of  meat.  The 
colour  of  the  mufcles,  when  they  are  firft  removed 
from  the  body,  is  red  j  this  colour,  however,  is  not 
effentiakto  them,  but  is  merely  owing  to  the  pre- 
fence  oiblood,  for  when  mufcle  is  cleanied  from 
blood,  it  appears  white.  In  every  recent  mufcle  wc 
may  at  firft  view  diftinguifh  two  kinds  of  fibres ; 
the  one  kind  appears  red,  and  is  the  true  mwfcular 
liibftance  j  the  other  is  tendinous,  has  a  white  filvcrf 
appearance,  and  has  no  power  of  contraction  like 
the  former.  The  tendinous  fubftance  is  fometimes 
coUefted  into  a  cord,  but  is  very  frequently  ex- 
panded, fo  as  by  covering  the  furface  of  a  mufck, 
or  by  pervading  its  fubftance,  to  afford  a  ytrf  ex- 
tenfive  connexion  to  miufcular  fibres. 

The 
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The  AbbS  Fontana  has  taken  great  painS  to  ex- 
amine the  ftru&yre  of  mufcles.  He  divided  muf- 
cular  iubftance  with  the  point  of  a  fmall  needle  till 
he  came  to  minute  threads,  which,  whatever  pain* 
he  took,  would  admit  of  no  further  divifion*  Thcfc, 
he  examined  with  a  lens,  the  diameter  of  which  was 
CKie-ninth  of  an  inch  i  when  they  appeared  to  be 
folid  homogeneous  cylinders,  interrupted  at  regular 
dtftances  by  very  minute  lines  or  wrinkles.  Theft 
wrinkles,  when  they  were  examined  in  different 
points  of  view,  might  have  pafled  for  globules  j  but 
upon  this  circumftance,  as  the  obfervation  went  no 
further,  the  Khhh  does  not  infift.'  This  undulated 
appearance  has  alfo  been  obferved  in  nervous  and 
tendinous  fibres,  examined  by  microfcopes  of  high 
magnifying  powers.  Dr.  Monro,  in  his  obferva- 
tions  on  the  nervous  fyftem,  rives  it  as  his  opinion^ 
that  they  are  to  be  confidered  as  folds  or  joints,  ferv-* 
ing  to  accommodate  the  parts  to  the  different  ftates 
€>f  flexion  and  extenfion.  In  proof  of  this  he  finds, 
that  thofe  parts  which  have  this  appearance  in  their 
relaxed  ftate,  lofe  it  when  ftretched. 

L^uenhoeck  Jong  ago  fancied  that  he  had  ^ifco^ 
vered  the  ultimate  mufcular  fibre,  which  he  confi* 
dered  as  being  one  hundred  times  as  fmall  as  a  hain 
He  afterwards,  however,  candidly  acknowledged,  riiat 
what  he  fuppofed  to  be  a  fimple  fibre  was,  in  faft, 
ft  bundle  of  them.  Notwichftanding,  therefore,  the 
microfcopical  obfervations  of  the  Abbd  Fontana, 
and  other  philoibphers^  we  muft  ftill  acknowledge 
ourfelves  ignorant  of  the  ftrufturc  of  the  ultimate 
component  parts  of  mufcular  fubftance ;  and  all  wt 
are  aUowed  to  fay  is,  that  their  ftruAure  is  fibrous* 
4  Thefc 
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Thcfe  minute  fibres,  obferved  by  the  Abb2  Fontana^ 
were  tied,  by  cellular  fubftance  in  fmall  fafciciili  or 
bundles,  thcfe  bundles  are  again  formed  into  larger 
by  the  fame  means,  and  of  thefe  fafciculi  arc  com* 
pofed  thofe  contraAile  mafles  of  fleih  called  muC- 
cles. 

Mufcles  are  generally  conmeftied  at  their  two 
C3ctremities  to  bones,  by  means  of  tendons ;    the 
largeft  part  of  a  mufcle  is  called  its  belly,  and  is 
chiefly  compofed  of  contra<5tile   mufcular   fibres. 
That  connexion  of  a  mufcle  which  is  leaft  movea^ 
ble  is  called  its  origin,  that  which  is  mod  moveable 
its  infertion;  but  thefe  terms  are  in  many  caiet 
merely  relative^  for  a  part  of  the  body  which  i^ 
inore  fixed  in  one  pofture  becomes  lefs  fb  in  ano« 
ther.     The    fibres  which  cbmpofe  a  mufcle  run 
pither  longitudinally,  tranfverfely,  obliquely,  or  cir- 
cularly.    If  all  the  fibres  which  compofe  a  mufcle 
run  in  th6  fame  direftion,  it  is  called  reftilinear  5 
radiated,  if  the  fibres  are  difpofed  like  radii  i   pen- 
niform,  if,  refembling  the  plume  of  a  feather,  the 
fibres  are  fituated  obliquely  with  rclped  to  tho 
centre  from  which  they  proceed;  compound,  if  the 
fibres  run  in  different  direftions.     The  majority  of 
the  large  mufcles  of  the  body  are  compound. 

Mod  mufcles  have  others  oppofed  to  them,  which 
aft  in  a  contrary  dircftion,  and  arc  called  antagonifts. 
Thus,  one  mufcle,  or  one  fet  of  mufcles,  bends  a 
limb,  another  extends  it ;  one  elevates  a  part,  ano- 
thcr  deprefies  it;  one  draws  it  to  the  right,  another 
to  the  left.  By  thefe  oppofite  powers  the  part  is 
kept  in  a  middle  direftion,  ready  to  be  drawn  either 
one  way  or  another^  as  particular  mufcles  are 

thrown 
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thrown  into  ftronger  aftion.  The  flexor  mufclci 
exceed  the  extenfors  in  ftrcngth,  and  for  this  reafon 
the  eafiett  poftures  are  thofc  in  which  the  body  or 
limbs  are  moderately  bent. 

When  we  fpcak  of  the  mufcles  of  a  part,  we  do 
not  mean  thofc  which  are  fituated  on  it,  but  thofc 
which  itrwt  to  move  it.  Thus,  what  are  called  the 
mufcles  of  the  leg,  and  which  arc  fubfcrvicnt  to  its 
motions,  are  placed  round  the  thigh  bone ;  thofc 
which  move  the  foot,  round  the  bones  of  the  leg^ 
&c.  ^ 

In  tlie  foetus  the  mufcles  ar-e  evidently  infertcd 
into  the  periaftemn  only,  but  in  rhe  adgit  ftate^ 
when  the  periofteum  adheres  much  more  clofdy  to 
the  bone,  the  tendons,  being  confufed  with  the  pc*- 
riofteum,  pals  with  that  even  into  the  foveoli  of  •  tbc 
bone. 


C  bTa  9. 
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Chap.    XU 

MtJSCLES   OF   THE  HEAlJ. 

Mit/^ks  of  the  Forehead.^Of  the  Eyt-lids.^Of  the  Sjt.^^^f 
the  Vofe.—MufcUs  Bf  the  Mouth^^fFby  the  Fact  is  the  In^ 
to  the  Mind. — temporal  Mu/cles^^^Mitfclet  rf  the  Arri.— Qf 
the  Jaw.i^Tbe  Tongue.'^i-^Mufcles  cf  the  Folate^  t^Ci, 

TH  E  (kin  which  covers  the  head  is  morcd  bf 
a  Tingle  broad  mufcle,  dnd  one  fmall  pain 
The  former  of  thefe  is  fltuated  immediatclj  below 
the  comnnon  integuments,  at  the  back  and  fore 
part  of  the  head,  with  the  intervention  of  a  broad 
tendon,  and  is  called  occipito  frontalis.  Its  cSc& 
is  to  draw  the  (kin  of  the  head  backwards^  to  ralfe 
the  eye-brows,  and  wrinkle  the  (kin  of  the  fore- 
head. 

The  corrugator  fupefcilii  arifes  from  the  Incemai 
angular  procefs  of  the  os  frontis,  near  its  joininof 
with  the  bones  of  the  face ;  it  is  inferted  into  the! 
inferior  and  inner  part  of  the  occipito  frontalis* 
draws  the  eye-broWs  towards  each,  pulls  down« 
wards  the  (kin  of  the  forehead,  and  caufes  it  xd 
wrinkle,  particularly  between  the  eye- brows. 

The  mufclcs  of  the  ear  will  be  fpokcn  of  when 
it  becomes  neceflary  to  treat  of  the  organs  ef  hear-" 
ing. 

The  mufcles  of  the  eye-Hds  are/  the  orbicularis 
palpebrarum,  which  furrounds  the  eye,  and  has  the 
eflfed  ofjhutting  the  eye-lids.  The  upper  eye-lid 
has  alfo  a  mufcle  proper  to  itfclf,  called  the  levator 
palpebraeCupehorisj  ^e  efFed  of  which  is  to  raife  die 

upper 
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upper  eye,  and  confequently  to  countcraft  the 
former. 

The  ball  of  the  eye  has  fix  mufcles,  four  ftrait 
and  two  oblique.  The  ftrait  mufcles  all  rife  from 
the  bottom  of  the  orbit  around  the  foramen,  through 
which  the  optic  nerve  paffes,  and  arc  extended  to 
the  fore  part  of  the  globe  of  the  eye.  Thefe 
mufcles  are  named  from  their  ufe.  The  levator 
oculi  raifes  the  ball  of  the  eye,  the  deprefTor  pulls 
it  down,  the  addudtor  turns  the  eye  towards  the 
nofe,  and  the  abdutftor  move§  the  globe  outwards. 
The  two  oblique  mufcles  arc,  the  obliquus  fupe- 
rior  or  trochlearis,  which,  rifmg  from  the  bottom  of 
the  orbit,  runs  along  the  pars  platta  of  the  ethmoid 
bone  to  the  upper  part  of  the  orbit,  where  its  ten- 
don pa(ies  througli  a  cartilaginous  ring  connedted 
to  the  OS  frontis,  by  which  mechanifm  the  direftion 
of  its  force  is  altered,  and  its  tendon  afterwards 
proceeding  a  little  downwards,  and  direded  out- 
wards at  the  fame  time,  is  inferted  halfway  between 
the  ihlertion  of  the  attdllens  oculi  and  optic  nerve. 
The  effedt  of  this  curious  mufcle  is  to  roll  the  eye,, 
to  turn  the  pupil  downwards  and  outwards,  a^d  to 
draw  the  whole  ball  nearer  to  the  nofe.  The  ob- 
liquus inferior  arifes  from  the  orbitar  proccls  of  the 
fuperior  maxillary  bone,  and  running  obliquely  out- 
wards is  inferted  in  the  ipace  between  the  abdu&or 
and  optic  nerve.  Its  ufe  is  to  draw  the  globe  of  the 
eye  forwards,  inwards,  and  downwards,  and,  con- 
trary to  the  fuperior  oblique,  to  turn  the  pupil  up- 
wards towards  the  inner  extremity  of  the  eyebrow. 
By  afting  fucceflively  with  all  the  mufcles  of  the 
eyes  we  are  able  to  roll  them. 

Vol.  III.  M  The 
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The  nofe  is  afFeclcd  by  fevcral  mufcles  of  the  &ce, 
but  only  one  pair  is  commonly  confidered  as  property 
belonging  to  it.  Thi?,  which  is  called  the  comprcflbr 
naris,  arifes  externally  from  the  root  of  the  alse  nafi, 
and  running  obliquely  upwards  along  the  cartilage 
of  the  nofe,  joins  its  fellow,  and  is  inferred  into 
the  neighbouring  bone.  The  effeft  of  this  mufde 
is  to  comprefs  the  alas  towards  the  feptunn  naris, 
particularly  when  we  want  to  fmell  acutely;  it  alio 
wrinkles  the  ikin  of  the  nofe. 

The  mouth  has  nine  pair  of  mufcks  inferred  into 
the  lips,  where  their  terminations  form  a  fingle  muf- 
,  cle,  which  furrounds  the  mouth.  One  of  thele  rifei 
from  theupper  jaw-bone,and  is  inferted  into  the  angle 
of  the  mouth.  Its  effeft  is  to  raife  the  comers  of  the 
mouth  j  and  it  is  therefore  called  the  levator  anguli  oris. 

2.  The  levator  labii  fliperioris  alseque  nafi.  This 
rifes  by  twodiftinft  origins;  one  of  thefe  proceeds 
from  the  fuperior  maxillary  bone  immediately  below 
the  orbit,  the  other  from  the  fame  bone  at  the  inner 

-^angleof  the  eye.  It  is  inferted  partly  into  the 
upper  lip  and  partly  into  the  outer  part  of  the  alae 
nafi,  raifes  the  upper  lip  towards  the  eyes  and  a 
little  outwards,  and  alfo  dilates  the  noflrils,  by 
drawing    the    ala;    nafi   upwards  and    outwards. 

3.  The  deprelibr  labii  fuperioris  alxque  nafi,  arifes 
from  the  tipper  jaw-bone,  where  thfc  dentes  inci- 
fivi  and  canini  are  fixed,  and  is  inferted  into  the 
upper  lip  and  root  of  the  ate  nafi.  When  it  ads, 
it  draws  the  upper  lip  and  alse  nafi  downwards  and 
backwards. 

The 
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The  three  mufclcs  of  the  mouth,  already  men- 
tioned, are  fituated  above,  the  three  other  pairs  arc 
placed  below. 

4»  The  depreflbr  anguli  oris  arifes  from  the  lower  . 
edge  of  the  maxilla  inferior,  and  is^alfo  conneftcd  to 
the  neighbouring  foft  parts.  It  is  inferted  into  the 
torners  of  the  mouth,  anid:pulls  them  downwards, 
5.  The  deprcffor  labii  infcrioris  arifes  from  the  in- 
ferior part  of  the  lower  jaw-bone,  near  the  chin,  is 
inferted  into  the  edge  of  the  lower  lip,  and  pulls  it 
downwards  and  a  little  outwards.  6.  The  levator 
labii  infcrioris  arifes  from  the  lower  jaw,  where  the 
dentes  incifivi  and  canini  are  fixed,  and,  being  in- 
ferted into  the  under  lip  and  (kin  of  the  chin,  draws 
them  upwards. 

Three  pair  of  mufcles  are  alfo  feated  outwards 
with  refpeft  to  the  mouth. 

7.  The  buccinator  (or  trumpeter)  arifes  from 
both  jaws,  adheres  clofely  to  the  membrane  of  the 
mouth,  and  is  inferted  at  its  angles.  Its  efFedt  is  to 
draw  the  angles  of  the  mouth  backwards  and  out- 
wards, and  to  contraft  its  cavity,  as  in  blowing  ^ ' 
wind  inftrument,  and  in  pufhing  our  meat  between 
the  teeth.  8.  The  zygomaticus  major  arifes  from, 
the  OS  mala,  near  the  zygomatic  future,  and  is  in- 
ferted into  the  angle  of  the  mouth.  When  it  con^ 
trafts,  it  draws  the  angles  of  the  mouth  upwards 
and  outwards,  and  makes  the  cheeks  prominent 
as  in  laughing.  9.  The  zygomaticus  minor  dcfcends 
obliquely  from  the  prominent  part  of  the  os  malac, 
and  is  inferted  into  the  upper  lip  near  the  corner  of 
the  mouth.  Its  ufe  is  to  draw  the  corner  of  the 
mouth  obliquely  upwards  and  outwards  towards  the 
external  corner  of  the  eye. 

M  2  The 
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The  fingle  mufcle,  which  was  mentioned  as 
being  formed  by  the  terminations  of  all  the  others 
decuflating  each  other,  is  called  the  orbicularis  oris^ 
and  entirely  furrounds  the  mouth.  Its  ufc  is  to 
fhut  the  mouth,  by  contracting  and  drawing  botk 
lips  together,  and  to  counteraft  all  the  mufcles 
which  contribute  to  its  formation. 

The  mufcles  of  the  face  are  the  organs,  which, 
being  afte6ted  by  the  paflions,  render  the  human 
countenance  an  index  of  what  is  pafling  in  the  mind  ^ 
and,  as  all  mufcles  acquire  a  greater  3egrcc  of 
ftrength  as  well  as  pronenefs  to  aftion  in  propor- 
tion to  the  degree  in  which  they  are  employed,  ib 
the  countenance  becomes  imprcffed  with  a  general 
'Charafter,  which  is  the  foundation  of  phyfiognomy. 
For  this  reafon  the  countenances  of  old  people  are 
more  exprelTive,  and  their  likencflfes  more  cality 
taken,  than  thofe  of  the  young,  thoUgh  this  is  pardy 
to  be  attributed  to^the  wafting  of  the  fat,  which  in 
youth  fills  the  interftices  between  the  mufcles,  and 
prevents  ftrong  lines.  To  the  above  principle  is 
to  be  attributed  the  greater  expreflion  obfervablc  in 
the  countenance  of  a  perfon  of  a  cultivated  mind 
than  in  that  of  a  perfon  whofe  ftock  of  ideas  is  nar- 
row. From  all  thefe  circumftances  it  appears^  that 
the  cultivation  of  the  mind  is  the  moft  likely  me- 
,dipd  of  incrcafing  the  expreflion  and  beauty  of  the 
countenance* 

The  mufcles  of  the  lower  jaw  are  four  pain, 
and  are  thofe  employed  in  the  maftication  of  the 
food. 

The  temporalis  mufcle  has  a  very  extenfive  ori- 
gin, from  the  lower  and  lateral  part  of  the  parietal 
bone,  all  the  pars  fquamofa  of  the  temporal  boncj 
2  from 
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from  the  external  angular  pro^efs  of  the  os  frontis, 
and  from  the  temporal  procefs  of  the  fphcnoid 
bone.  From  thcfe  different .  origins  the  fibres  dc- 
fcendlike  radii  towards  thejugum,  under  which 
they  pafs,  and  are  infcrted  into  the  coronoid  procefs 
of  the  lower  jaw.  Its  ufe  is  to  prefs  the  lower  jaw 
againft  the  upper,  and  at  the  fame  time  to  draw  it 
a  little  backwards.  This  mufcie  is  covered  with 
a  broad  tendon,  called  its  aponeurofis,  which  de- 
fends it,  tad  gives  origin  to  a  ^reat  number  of  muf- 
.cular  fibres. 

The  maflcter  arifes  from  the  fuperior  maxillary 

.  bone,  where  it  joins  the  os  malas,  and  from  the  in* 

ferior  and  anterior  part  of  the  jugum,  and  is  in- 

lerted  into  the  angle  of  the  lower  jaw,  which,  when 

it  a£bj  it  preffcs  againft  the  upper. 

The  pterygoideus  internus  proceeds  from  the 
inner  and  upper  part  of  the  internal  plate  of  the  ptery- 
goid procefs  of  the  fphenoid  bone,  and  from  the 
pterygoid  procefs  of  the  os  palati.  It  is  inferted 
into  the  angle  of  the  lower,  jaw  internally,  and, 
when  it  afts,  draws  it  upwards  and  obliquely  tOr 
wards  the  oppofite  fide. 

The  pterygoideus  externus  takes  its  origin  from 
the  outer  fide  of  the  pterygoid  procefs  of  the  fphe- 
noid bone,  from  part  of  the  tuberofity  of  the  os 
maxillarc  adjoining  to  it,  and  from  the  root  of  the 
temporal  procefs  of  the  fphenoid  bone.  It  is  in- 
ferted into  the  neck  of  the  condyloid  procefs  of  thS 
lower  jaw,  and  pulls  it  forwards  and  to  the  oppofite 
fide,  or  when  both  the  external  pterygoid  mufclc* 
aft,  the  fore  teeth  of  the  iinder  jaware  pufhed  for* 
wards  beyond  thgfe  of  the  upper  jaw. 
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On  the  fide  of  the  neck,  towards  its  fere  part,  zn 
two  mufeles.  The  external  of  thefe  is  a  muicjc 
of  the  (kin,  and  is  called  platifma  myotdes*  \t  aiiles 
by  a  number  of  flender  fibres  fi^om  the  cellular 
fubftance,  which  covers  the  upper  parts  of  the  del- 
toid and  peroral  mufcles ;  in  their  afcent  they  all 
unite  to  form  a  thin  mufcle,  adhering  to  the  ildn, 
and  which  is  inferted  into  the  lower  jaw.  It  draws 
the  (kin  qf  the  cheek  downwards. 

The  fterno-clcido-maftoideus  has  two  origins, 
one  from  the  fternum,  the  other  fi-om  the  davidci 
Vrhich,  uniting,  form  one  mufcle;  which  runs,  ob- 
liquely upwards  and  outwards,  and  is  inlcrted  into 
the  maftoid  proccfs  of  the  temporal  bone.  When 
it  contracts,  it  turns  the  head  to  one  fide,  and 
bends  it  forwards ;  or  when  its  fellow  a6t$  with  it, 
they  draw  the  head  direftly  forwards. 

Six  pairs  of  mufcles  are  fituated  between  the  os 
hyoides  and  the  lower  jaw. 

The  mufcle,  which  forms  the  external  layer,  i^ 
called  the  digaftricus.  .It  rifes  near  the  maftoid  pro- 
cefs,  runs  downwards  and  forwards  to  the  os  hy- 
oides, and  thence  proceeds  to  the  bone  of  the  chin, 
into  which  it  is  inferted.  When  it  afts,  it  pulls  the 
lower  jaw  downwards  and  backwards,  and  therefore 
opens  the  mouth.  When  the  lower  jaw,  however, 
is  fixed  by  the  ftronger  mufcles,  which  have  been 
already  defcribed,  the  efieft  of  the  digaftricus  is 
different,  for  the  os  hyoides,  then  becoming  the 
more  rnovcable  part,  is  drawn  upwards,  and  with  it 
the  larynx  and  pharynx,  as  in  the  aft  of  fwallowing. 

The  mylo-hyoidcus  paflfcs  from  the  infidc  of  the 
4  lower 
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lower  jaw  to  the  os  hyoides,  and  has  nearly  d^e 
fame  cfFeft  as  the  dig^ftricus. 

The  genio-hyoideus  alfo  paffes  from  the  os  hy- 
oides  to  the  chin,  and  cither  raifes  the  former  or 
pulls  down  the  letter,  according  as  the  lower  jaw 
or  the  OS  hyoides  is  rendered  more  fixed  by  other 
mufclcs. 

The  genio-hyo-gloffus  arifcs  from  the  lower  jaw, 
and  is  inferted  partly  into  the  os  hyoides,  and 
pardy  into  the  tongue.  This  mufcle,  according  to 
the  direftion  of  its  fibres,  a6ts  very  difFcrently  on 
different  occafions ;  from  the  feparate  adion  of  its 
fibres  it  either  draws  the  tongue  backwards,  ex- 
tends it  out  of  the  mouth,  or  renders  its  upper  part 
concave. 

Two  mu(cles  pafs  from  the  os  hyoides  to  the 
trunk.  The  fterno  hyoideus  proceeds  from  the 
fternvim,  and  pulls  the  os  hyoides  downwards. 
The  omo  hyoideus  arifcs  from  the  fuperior  cofta 
of  the  fcapula,  and  draws  the  os  hyoides  obliquely 
downwards.  It  is  to  be  noticed,  that  when  there 
are  two  mufcles  of  equal  ftrcngth  and  equal  obli- 
quity attached  to  a  moveable  part,  and  they  both 
aft  together,  they  draw  it  in  a  ftrait  line,  the  ob- 
liquity of  the  one  counterbalancing  that  of  the 
other. 

The  fubftance  of  the  tongue  is  mufcular,  and  is 
diftinguiOied  by  anatomifts  into  fix  pair  of  mufcles^ 
which  it  cannot  be  neceflary  to  enumerate.  They 
alfo  dcfcribe  fix  pair  of  mufcles  belonging  to  the 
pharynx.;  thefe  I  fhall  pafs  over  in  filence,  and 
merely  confider  it  as  a  mufcular  bag,  forming 
the  upper  part  of  the  alimentary  canal.    There 
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are  alfo  fevcral  mufclcs  belonging  to  the  pa- 
late and  uvula,  of  which  the  limits  of  this  work  do 
not  permit  ^he  fpecificatipn-  I  (hall  at  prcfent  alfo 
pafs  over  the  mufcles  of  the  larynx,  as  a  better  op- 
portunity will  occur  of  comprehending  them  under 
the  defcription  of  the  parts  to  which  they  belong* 
The  fame  obfervation  is  applicable  to  the  mufcles 
of  the  ear. 


Ch  AF. 


Chap.  I  a.]  C     1^9    1 

Ch  ap.,,XIL 

MUSCLES    OF    THE    TRUNK. 

Mu/clis  of  the  Neck  and  Back.^^Ofthe  Breafl, — Of  the  Ribsj^ 
The  Diaphragmj^Mufcles  of  the  Abdon^en, — Qfthe  PeMs^  Wr. 

ON  the  anterior  part  of  the  neck,  clofe  to  the 
vertebrae,  are  fcated  the  following  mufcles : 

The  longus  colli  arifes  from  the  bodies  of  three 
of  the  vertebras  of  the  back,  and  from  the  tranf- 
verfe  proceflcs  of  mbft  of  the  vertebrae  of  the  neck- 
It  is  inferted  into  the  fore  part  of  all , the  vertebrae 
of  the  neck,  and  has  the  effe<St  of  drawing  jt  for- 
.  wards  or  to  one  fide,  according  as  the  mufclc 
on  both  fides,  or  that  on  one  only,  is  called  into 
aftion. 

The  redus  capitis  internus  major  proceeds  from 

^the  extrenpity  of  the  tranfverfe  procelfes  of  the  three, 

four,  five,  and  fix  vertebrae  of  the  neck,  is  inferted 

into  the  cuneiform  procefs  of  the  os  occipitis,  and 

bends  the  head  forwards. 

The  reftus  capitis  internus  minor  arifes  from 
the  fore  part  of  the  body  of  the  firft  vertebra  of  the 
neck,  is  inferted  into  the  condyloid  procefs  of  the 
OS  occipitis,  and  alfo  bends  the  head  forwards. 

The  redlus  capitis  lateralis  arifes  from  the  an- 
teripr  part  of  the  point  of  the  firft  tranfverfe  pro- 
cefs of  the  firft  vertebra  of  the  neck,  and  is  in- 
ferted into  the  os  occipitis,  and  bends  the  head  a 
|kde  to  one  fide. 

The 
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The  large  and  ftrong  mufUcs^  fcated  at  the  pof- 
terior  part  of  the  trunk,  may  be  divided  into  four 
layers  and  a  (ingle  pair.  The  external  layer  con- 
Ms  of  two  very  broad  mufclcs. 

The  trapezius  arifes  by  a  ftrong  round  tendon, 
from  the  middle  of  the  os  occipitis,  and  from  a 
rough  curved  line,  which  extends  thence  towards 
the  maftoid  procefs  of  the  temporal  bone.  It  pro* 
ceeds  downwards  along  the  nape  of  the  neck^  b 
attached  to  the  fpinous  procefles  of  all  the  vertebne 
of  the  back,  and  the  two  lowdl  of  the  neck,  and 
is  alio  firmly  conne£bed  by  the  intervention  of  a 
tendon  to  its  fellow  of  the  opppfite  fide.  It  i&  in- 
serted bto  the  pofterior  part  of  the  claviclc9  die 
acromion,  and  almoft  all  the  fpine  of  the  fcapuUu 
It  moves  the  fcapula  either  obliquely  upwapd$>  di- 
redly  backwards,  or  obliquely  downwards,  accord-^ 
ing  as  its  different  parts  are  called  into  adion. 

The  latifllmus  dorfi  arifes,  by  a  broad  thin  tendon, 
from  the  pofterior  part  of  the  fpine  of  the  os  ileum, 
from  the  fpinous  procefles  of  the  os  facrum,  loins, 
and  feven  inferior  of  the  back,  and  fi-om  three  or  four 
of  the  lower  ribs  \  its  fibres  converging  pais  over 
the  inferior  angle  of  the  fcapula,  are  coUeded  into 
a  flat  cord  in  the  axilla,  and  iqferted  into  the  os  hu- 
meri. Its  adion  is  to  pull  the  arm  downwards 
and  backwards,  and  to  roll  the  os  humeri. 

The  fecond  layer  of  mufclcs  coniiih  of  three 
pair,  two  on  the  back  and  one  on  the  neck.  On 
the  back  are  feated  the  ferratus  pofticus  inferior. 
This  mufcle  originates  from  the  ipinous  proceflies 
of  the  two  inferior  of  the  back  and  three  fuperior 
vertcbrs  of  the  loins,  is  inferted  intp  the  fgtw  loweft 

ribs, 
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iibs>  which  it  draws  downwardsi  and  is  therefore  a 
mufcle  of  expiration* 

The  rhomboideus  proceeds  icom  the  fpinous  pro- 
xefles  of  the  five  fuperior  vertebras  of  the  back  and 
three  inferior  of  the  neck,  and  is  inferted  into  the 
bafc  of  the  fcapula,  which  it  draws  obliquely  up- 
wards, and  direiaiy  inwards  towards  the  Ipine, 

On  the  neck  is  fituated. 

The  fplenius,  which  arifes  from  the  fpinous  pro- 
cefles  of  the  four  upper  vertebras  of  the  back  an4 
five  lower  of  the  neck  j  it  is  inferted  into  the  tranf- 
verfc  proceffes  of  the  five  fup6rior  vertebrae  of  the 
neck,  the  pofterior  part  of  the  nnaftoid  proceft,  and 
the  OS  occipiti$,  where  it  joins  the  root  of  that  pro* 
eels.  When  one  of  thefe  nnufcles  afts,  it  brings 
the  head  and  neck  obliquely  backwards,  or,  when 
they  both  aft,  they  draw*  the  head  direftly  back* 
wards. 

The  fingle  pair,  which  was  mentioned,  is  the 

Serratus  pofticos  fuperior.  This  originates  from 
the  fpinous  proceffes  of  the  three  loweft  vcrtebrseof 
the  neck,  and  two  uppermoft  of  the  back,  and  \% 
inferted  into  the  fecond,  third,  fourth,  and  fifth  ribs^' 
Its  effeftisto  elevate  the  ribs,  dilate  the  thorax, 
and  confequently  it  is  fubfcrvient  to  infpiration. 

Having  removed  thefe  mufcles,  we  come  to  the 
third  layer,  which  confifts  of  three  on  the  back,  and 
three  on  the  neck. 

On  the  back  arc. 

The  fpinalis  dorfi,  which  arifes  from  the  fpinous 
proceffes  of  the  two  uppermoft  vertebras  of  the 
loins  and  three  inferior  of  the  back,  and  paffes  to 
the  nine  uppermoft  fpinous  proceffes  ot  the  ver« 

tebrae 
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febrse  of  the  back,  Thtr  evident  effeft  of  rfiis 
mufcle  is  to  ftraiten  the  Ipine,  and  prevent  it  from 
bending  forwards.  ' 

The  longifTimus  dorfi  originates  from  the  fide  of 
the  OS  facrum,  and  its  fpinous  proccflcs  ;  frofn  the 
ppfterior  fpine  of  the  ileum ;  from  all  the  fpinous 
procefll's,  and  from  the  roots  of  the  tranfverfe  pro- 
,ccfles  of  the'vertcbrae  of  the  loins.  It  is  in/erted 
into  all  the  tranfverfe  proccflcs  of  the  vertebrae  of 
the  back,  and  alfo  into  the  lower  edge  of  the  ten 
iippermoft  ribs,  near  their  tubercles.  This  mufcle 
ftrengtbens  the  fpine,  and  keeps  the  body  from 
bending  forwards. 

The  facro-liimbalis,  which  arifes  in  common  with 
the  longiflimus  dorfi,  is  inferted  into  all  the  ribs  near 
their  angle*  It  pulls  down  the  ribs,  and  aflTzfts  in 
cre&ing  the  trunk  of  the  body. 

On  the  neck  we  find,  the 

Complexus,  which  arifes  from  the  tranfverfe  pro- 
ccflcs of  the  feven  fuperior  vertebras  of  the  back 
and  four  inferior  of  the  neck ;  it  is  inferted,  with 
the  trapezius,  into  the  inferior  edge  of  the  protu- 
berance in  the  middle  of  the  os  occipiris,  and  into 
a  part  of  the  curved  line  which  runs  towards  the 
maftoid  procefs.  When  they  both  aft,  they  draw 
the  head  direftly  backwards,  or  obb'quely  fo  when 
only  one  is  called  into  aftion. 

The  trachelo-maftoideus,  which  arifes  from  the 
tranfverfe  procefles  of  the  three  uppermoft  vertebrae 
of  the  back,  and  from  the  five  lowermoftof  the  neck, 
where  it  is  connefted  to  the  tranfverfus  cervicis,  is 
inferted  into  the  poflerior  part  of  the  maftoid  pro- 
cefs* 
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cefs.      It    affiftfi  the    complexus,  but'  pulls  the 
head  more  to  one  fide. 

The  levator  fcapufee  arifcs  from  the  tranfvrerfc 
proceffes  of  thcxfive  fuperior  vertebrx  of  the  neck, 
and  is  inferted  into  the  fuperior  angle  of  the  fca- 
pula.  It  elevates  the  fcapula^  and  draws  it  a  little 
forwards. 

The  fourth  layer  confifts  of  two  pair  on  the 
back,  two  on  the  pofterior  part  of  the  neck,  four 
fmall  pair,  fituated  immediately  below  the  pofterior 
part  of  the  occiput,  and  three  on  the  fide  of  the 
neck. 

On  the  back  are  the 

Semifpinalis  dorfi,  which  arifes  from  the  trant 
verfe  procefles  of  the  feventh,  eight,  ninth,  and 
tenth  vertebrae  of  the  back,  is  inferted  into  the 
fpinous  proceffes  of  all  the  vertebras  of  the  back 
above  the  eighth,  and  into  the  two  lowermoft  of  the 
neck.     Its  efFedt/is  to  extend  the  fpine  backwards. 

The  multifidus  fpinas  originates  from  the  fide  and 
fpinous  proceffes  of  the  os  facrum,  and  from  the 
pofterior  part  of  the  os  ileum,  where  it  joins  the 
facrum  ;,  from  all  the  oblique  and  tranfvcrfe  pro- 
ccffes  of  the  vertebrae  of  the  loins ;  from  all  the 
tranfverfc  proceffes  of  the  vertebra:^  of  the  back, 
and  from  thofc  of  the  neck,  except  the  three  upper  i 
its  tendinous  and  mufcular  fibres  run  in  an  oblique 
direction,  and  arc  inferted  into  the  fpinous  pro-f 
cedes  of  all  the  vertebrae  of  the  loins,  of  the  back, 
and  of  the  neck,  except  the  firft.  When  one 
.  fide  of  this  mufcle  a<Sts  by  itfelf  it  extends  the 
(pine  obliquely,  when  both  act  they  draw  it  di- 
rectly backwards. 
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On  the  poftcrior  part  of  the  neck  arc  the  Icrri* 
ipinalis  colli,  which  arifes  from  the  tranfvcrie  pfo- 
cefles  bf  the  fix  uppermoft  vertebrae  of  the  back, 
and  is  inferred  into  the  fpinous  proceflcs  of  all  the 
vertebrae  of  the  neck*  It  extends  the  neck  back- 
wards. 

The  tranfverfalis  colli,  which  proceeds  from  the 
tranfverife  proceflcs  of  the  five  uppermoft  verte- 
brae of  the  back,  and  is  inferted  into  thfc  tranfvcrfc 
procefies  of  all  the  cervical  vertebras,  except  the  firft 
and  the  laft.  It  turns  the  neck  obliquely  backwards 
and  a  litde  to  one  fide. 

Below  the  pofterior  part  of  the  occiput  arc, 

Thf  redus  capitis  pofticus  major.  This  mu(cle 
arifes  from  the  external  part  of  the  fpinous  procels 
of.  the  fecond  vertebra  of  the  neck,  alccnds  ob- 
liquely outwards,  and  is  inferred  into  the  os  occipi- 
lis.  It  pulls  the  head  backwards,  and  aflifts  a  little 
in  its  rotation. 

The  reftus  capitis  pofticus  mmor  arifes  fi-om  a 
little  protuberance  in  the  middle  of  the  back  part 
of  the  firft  vertebra  of  the  neck,  and  is  inferred 
tiear  the  foramen  magnum  of  the  os  occipitis.  It 
aflifts  in  moving  the  head  backwards. 

The  pbliquus  capitis  fuperior  arifes  from  the 
tranfverfe  proccfs  of  the  firft  vertebra  of  the  neck, 
and  is  inferted  into  the  os  occipiti^.  It  draws  die 
head  backwards. 

The  obliquus  capitis  inferior  arifes  from  the  (pi- 
hous  procefs  of  the  fecond  vertebra  of  the  neck, 
and  is  inferted  into  the  tranfverfe  procels  of  the  firft^ 
vertebra  of  the  neck.  This  mufcle  afts  very  pow- 
erfully in  giving  a.rotatory  motion  to  the  head. 

On 
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On  the  fide  of  thp  neck  are  the  fcalenus  anticus, 
which  ariies  from  the  fourth^  fifth,  and  fi)cth  tranf-* 
vcrfe  proccfles  of  the  vertebne  of  the  neck,  dnd  is 
inferted  into  the  upper  part  of  the  firft  rib. 

The  fcaknus  medius,  which  proceeds  from  all 
the  tranfvrrfc  procefifes  of  the  vertebrae  of  the  neck, 
and  is  inferted  into  the  upper  and  outer  part  of  the 
firfl:  rib.  , 

The  fcalenus  poflicus,  which  arifes  from  the  fifth 
and  fixth  tranfverfe  proceflcs  of  the  vertebras  of  the 
neck,  and  is  inferted  into  the  upper  part  of  the  fe- 
cond  rib. 

The  efieft  of  all  the  fcaleni  is  to  bend  the  neck 
to  one  fide,  or,  when  the  neck  is  fixed,  to  raife  the 
ribs  and  dilate  the  thorax. 

There  are  a  number  of  fmall  mufcles  fituated 
between  the  ipinous  and  tranfverfe  procefles  of 
contiguous  vertebrae,  fome  of  which  approach  fo 
nearly  to  the  nature  of  tendons  as  to  ferve  merely 
as  ligaments.  The  ufe  of  all  thefe  is  to  ftrengthen 
and  ereft  the  fpinc. 

In  the  defcription  which  has  been  given  of  the 
mufcles  which  ferve  for  the  motion  of  the  whole 
head,  the  reader  cannot  have  failed  to  obfcrve,  how 
much  more  numerous  thofe  are  which  arc  inferted 
into  the  back  part  of  the  head,  and  pull  it  back- 
wards, than  thofe  which  have  the  oppofite  infcrtion 
and  pScO:.  The  reafon  of  this  is,  that  the  center 
of  gravity  of  the  head  does  not  fall  on  the  condyls, 
on  which  it  *  is  fupporced,  but  confiderably  farther 
forward ;  fi-om  which  mechanifm  it  is  evident  that 
the  mufcles  which  pull  the  head  back  muft  be  con- 
dnually  afted  againft.    Hence,  when  a  perfon  falls 

aflcep. 
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tftcep,  or  is  afFcftcd  with  the  palfy,  and  the  muf- 
cles  ceafe  to  aft,  the  head  always  falls  forwards*  By 
the  fpine  being  thus- connefted  towards  the  poftc- 
rior  part  of  die  cranium,  more  fpace  is  allowed  for 
the  cavities  of  the  mouth  and  fauces. 

Mufcles  fituated  on  the  anterior  part  of  the  thorax. 

After  having  removed  the  common  integuments 
of  the  thorax,  we  obfcrve  a  large  mufcle,  the  pedo- 
ralis  major,  which  rifcs  from  the  cartilaginous  ex- 
tremities of  the  fifth  and  fixth  ribs,  from  almoft  the 
whole  length  of  the  fternum,  and  from  near  half  the 
anterior  part  of  the  clavicle.  Its  fibres  run  towards 
the  axilla,  and  it  is  inferted  into  the  upper  and  inner 
part  of  the  os  humeri.  Its  effedl  is  to  move  the 
arm  forwards  and  obliquely  upwards  towards  the 
fternum. 

Having  removed  this  we  come  to  another  layer, 
which  confifts  of  three  mufcles. 

The  fubclavius  is  a  fmall  rtiufcle  which  rifes  from 
the  firft  rib,  and  is  inferted  into  the  inferior  part  of 
the  clavicle.   Its  effe6t  is  to  pull  the  clavicle  down-^ 
wards  and  forwards. 

The  peftoralis  minor  arifcs  from  the  upper  edge 
of  the  third,  fourth,  and  fifth  ribs,  and  is  inferted 
into  the  coracoid  procefs  of  the  fcapula.  Its  ufe  is  to 
bring  the  fcapula  downwards  and  forwards,  or  that 
being  fixed,  to  pull  the  ribs  upwards. 

The  ferratus  magnus  originates  from  the  nine 
fuperior  ribs,  by  an  equal  number  of  flefliy  digita- 
trons,  refcmbling  the  teeth  of  a  law,  whence  the 
term  ferratus  is  derived.  Being  folded  about  two 
angles  of  the  fcapula  it  is  inferted  into  its  bafe.  Its 
cfFcd  is  10  move  the  fcapula  forwards,  or  when 
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the  fcapula  is  forcibly  raifed,  to  draw  the  ribs  wp- 
^vards.  ^ 

The  mufcles  which  cover  the  rib?  being  removed, 
we  obierve  the  Ipace  between  the  ribs  filled  up  with 
double  rows  of  mufcles,  called  the  intercdftales 
externi  and  interni.  The  external  arife  from  the 
inferior  acute  edge  of  each  rib,  and  running  ob- 
liquely forwards  are  inferted  into  the  obtufe  upper 
furface^ofthe  rib  next  below.  The  internal  arife  in 
the  fame  manner  as  the  external,  except  that,  Con- 
trary to  them,  they  begin  at  the  fternum,  and  rutt 
obliquely  backwards.  The  two  rowsof  intercoftals, 
therefore,  decuffate  each  other  like  the  ftrpkes  of  the 
'letter  X.  The  effcft  of  the  contraftion  of  both 
feries  is  the  fame,  viz..  that  of  bringing  the  rib» 
nearer  to  each  other,  and  as  each  lower  rib  is  more 
moveable  than  that  a^bove,  to  raife  the  ribs,  dilate 
the  thorax,  and  aflift  in  infpiration. 

Certain  portions,  both  of  the  external  and  Inter-; 
nal  intercoftals,  are  longer,  and  palling  over  one 
rib  are  inferted  into  the  next  below  it.  The  ribs 
are  likewife  raifed,  and  their  pofterior  articulations 
ftrengthened,  by  twelve  ihort  mufclesj  which  arife 
from  eleven  pf  the  tranfverfe  proceflcs  of  the  dor- 
fal  vertebrae,  and  tlie  loweft  of  thofe  of  the  neck, 
and  which  are  inferted  into  the  rib  immediately 
below  the  tranfverfe  procefs  from  which  each  of 
them  rifes. 

The  fterno-coftalis  arifes  from  the  carrilago'  cnli- 
formis,  and  is  inferted  into  the  lower  edge  of  the 
cartilages  of  the  third,  fourth,  and  fifth  ribs.  Its 
cStSc  is  to  deprefs  thefe  cartilages  and  the  extre- 
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mities  of  the  ribs,  to  contra&  die  cavity  of  the 
thorax,  and  therefore  to  aflift  in  expiration* 

The  moft  important  mufcle  of  the  thorax,  how- 
ever, ftill  remains  to  be  confidered.  The  dia>- 
phragm  is  a  broad  and  ftrong  mufirle,  which  di- 
vides the  cavity  of  the  abdomen  from  that  of  the 
th<rax«  It  is  placed  very  obliquely  between  thefe 
two  cavities,  its  anterior  conne&ion  being  nnicfa 
higher  than  its  pofterion  Its  middle  part  is  forced 
up  by  the  vifcera  of  the  abdomen,  fo  as  to  form  an 
arch.  The  diaphragm,  at  its  anterior  part,  arifes 
from  the  upper  and  internal  part  of  the  enfiform  car- 
tilage, and  from  the  cartilages  of  the  fixth,  ieventh, 
'and  all  the  inferior  ribs.  The  mufcular  pord(»u 
ariling  from  all  theft  points  converge  cowards  a 
common  center,  where  they  terminate  in  a  broad 
triangular  tendon.  This  being  direfted  down- 
wards and  backwards  is  attached  to  a  muicular 
fubftance,  which  arifes  by  eight  heads  from  die 
fccond,  third,  and  fourth  lumbar  vertebrae.  There 
are  levcral  pafTages  through  the  diaphragm,  which 
rnuft  not  be  pafled  over  in  filencc.  Among  the 
mufcular  portions  which  proceed  from  the  lumbar 
vertebrae  arc  openings  through  which  pafe  the 
aorta,  the  thoracic  dud:,  xhe  vena  azygos,  and  Ac 
two  great  intercoffal  nerves.  The  mufcular  ftturs, 
which  proceed  from  the  lumbar  vertebrae,  run  ob- 
liquely upwards  and  forwards,  ^d  form  in  die 
'middle  two  flefhy  columns,  which  decuflate,.  and 
leave  an  oval  fpace  between  them  for  the  paiiage 
of  the  cefophagus  and  eighth  pair  of  nerves*  To- 
wards the  "right  fide  of  the  broad  tendon,  which 
forms  the  middle  of  the  diaphragm,  there  is  a  large 
8  qua- 
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quadrangular  opening,  through  which  the  vena  cava 
pafies  Co  arrive  at  the  heart.  When  the  diaphragm 
contrafts,  its  concavity  i$  leflened,  particularly  on 
each  fide,  over  which  the  lungs  are  placed,  m 
center  being  firmly  fixed  from  iu  connexion  with 
the  mediaftinum.  By  the  defcent,  however,  of  its 
iideB,  it  puflies  downwards  and  forwards  the  abdo« 
fininal  vifcera,  it  lengthens^-and  of  courfe  enlarges, 
the  cavity  of  the  thorax,  and  is  the  principal  mufcle 
of  infpiration.  The  ribs  are  at  the  fame  time  raifecl 
by  the  tntercoftal  mufcles,  by  which  the  thorax  id 
made  voider.  The  chief  mufcles  of  expiration,  on 
the  other  hand,  are  thofe  which  furround  the  abdo-- 
men*  Thoie  coumeraft  the  intercoftals,  by  pulling 
,  down'theribs,  in  which  they  arc  aflifted  by  the  fcr- 
fati,  and  oppofe  the  diaphragm  by  the  poftici  infe- 
riores  preffing  backwards  and  upwards  the  abdomi« 
nal  vifcera.  .  By  thefe  mufcles  refpiration  is  in  ge-« 
neral  carried  on.  In  cafes,  however,  of  laborious 
refpiration,  whether  from  diieafe  or  violent  exercife, 
other 'mufcles  are  called  into  aftion ;  mfpiration  is 
d^cn  promoted  by  the  peftoral  mufcles,  the  fcrrati 
antici  majores,  the  icrrati  poflici  pofteriores,  at)d 
Che  fcakni.  That  thefc  mufcles  may  a£t  with  more 
.  advantage,  perfons  labouring  under  difficult  rcfpi^ 
.ration  extend  and  fix  the  neck,  and  raife  the  jQioul-* 
.ders.  In  laborious  expiration  the  quiidrari  lumbo- 
rum>  facro-lumbales,  and  longiflin^i  dbrfi,  concur  in 
pulling  down  the  ribs.  The  elailicity  of  the  car- 
tilages of  the  ribs  is  alfo  on  all  occaOons  an  agent 
in  expiration. 

The  mufcles  fituated  on  the  anterior  part  of  the 

abdomen  arc  five  pair.    On  the  middle  c^  the  an* 
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tcrior  part  of  the  abdomen,  three  of  its  cnufcles,  the 
two  oblique  and  the  tranfyerfe,  termtnacc  in  tendi- 
nous fubftance,  which  forms  an  expanfion  the  whok 
way  from  the  cartilago  enfiformis  to  the  offii  p(ri)is. 
This  from  its  white  appearance  is  called  linea  aibi. 
The  external  layer  is  formed  by  a  mulcle,  whid 
fropi  its  (ituation  and  the  direftion  of  its  fibres 
is  called  the  obliquus  defeendcns  extemus.   This 
mufcle  rifes  by  as  many  heads  from  eight  or  vox 
of  the  lowed  ribs ;  its  notches  always  mix  indt 
thofe  of  the  ferratus  major  anticus^^  and  generally 
cohere  to  the  pe£toralis  major,  intercoftals,  and  h- 
tiffimus  dorfi.    It  proceeds  obliquely  downinnlt 
and  forwards,  and  is  connected  partlf  to  the  ha 
alba  and  partly  to  the  fpine  of  the  ileum.     Its  ten- 
dinous fubftance,  which  forms  part  of  the  linea  alhii 
divides  below  into  two  columns,  which  leave  be- 
tween them  a  flit  named  the  ring  of  the  abdomen  $ 
of  chele  columns  the  inferior  is  inferted  into  the  <» 
pubis  of  the  fame  fide,  the  fuperior  decuflatcs  its 
fellow,  and  pafles  over  to  be  inferted  into  the  oj 
pubis  of  the  other  fide.     That  part  of  the  extcraal 
oblique  mufcle,  which  is  conne<^ed  to  the  fpinc  of 
the  ileum,  is  ftretched  from  the  anterior  fpinous  pro- 
cefs  of  that  bone  towards  the  os  pubis,  forming  wbi^ 
is  called  Poupart's  or  Failopius's  ligament.    Tii 
tendon  is  united  with  the  ftrong  tendinous  expan- 
fion of  the  thigh,  called  fefcia  lata,  which  involves 
and  Ihcaths  die  mufoles  of  the  thigh,  and,  proceeding 
to  the  leg,  performs  there  the  fame  office. 

The  opening,  called  the  ring  of  the  abdomtt 
•formed  by  the  tendons  of  this  mufcle,  gives  ^ 
fagc  to  the  fpcrmatic  vcflfcls  in  men,  and  the  rouoiJ 
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ligaments  of  the  uterus  in  women.     The  contents 
of  the  abdomen,  getting  through  this  opening,  form 
i  the  inguinal  hernia.     Under  Poupart's  ligament 

1         pafs  the  great  vcfl[cls  of  the  thigh,  and  this  is  the 
\         feat  of  the  crural  or  femoral  hernia. — This  mufcle 
t         afiifts  the  excIuHon  of  the  faeces  and  urine,  and  in 
:         expiration,  and  bends  the  body  forwards. 
J  The  fccond  layer  is  formed  by  the  obliquus  af- 

J  cendens  internum.  This  mufcle  arifes  from  the 
fpinous  and  tranfvcrfe  procefles  of  the  three  upper- 
,  moft  lumbar  vertebrae,  from  the  upper  part  of  the 
facrum,  and  from  the  fpine  of  the  ileum,  the  whole 
length  between  the  pofterior  and  fupcrior  anterior 
fpinous  procefs.  Pafling  obliquely  upwards,  it  is 
inferted  into  the  cartilaginous  part  of  all  the  falie 
ribs  and  the  two  loweft  of  the  true,  to  the  enfiform 
cartilage  and  to  the  llemum.  At  its  anterior  part 
it  becomes  tendinous,  and  dividing,  receives  xht 
reftus  mufcle  between  its  feparate  portions.  Its 
pofterior  portion  is  connefted  with  the  tendon  of 
the  tranfverfalis  mufcle,  its  anterior  with  the  linca 
alba.  A.t  its  loweft  part  it  is  inferted  into  the  ante« 
rior  part  of  the  os  pubis.  Its  life  is  to  affift  the 
former,  but  it  bends  the  trunk  in  the  reverfe  direc-, 
tion. 

The  tranfverlalis  has  nearly  the  fame  origins  as 
the  internal  oblique.  It  is  inferted  into  the  carti-i^ 
lago  enfiformis  above,  and  into  the  whole  length  of 
the  linea  alba,  except  at  its  lowermoft  part.  It  fup- 
ports  and  compreflcs  the  abdominal  vifcera. 

The  reftus  abdominis  arifes  from  the  cardlago 
enfiformis  and. die  cartilages  of  the  diree  loweft 
true  ribs.  In  its  courfc  downwards  it  paffes  through 
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the  (heath  formed  by  the  divifion  of  rh^  tendon  ti 
the  internal  oblique^  having  the  tendon  of  the  ei- 
ternal  oblique  without^  and  that  of  the  traofvcrfab 
within.  The  rcftos  is  generally  divided  by  thiec 
tendinous  interiedions.  Below  it  is  conneded  Q> 
the  ofia  pubis,  where  they  are  joined  to  each  odier. 
The  ufe  of  this  niidble  is  to  compreis  the  fore  part» 
and  more  particularly  the  lower  part,  of  the  abdo- 
men.  It  alfo  bends  the  trunk  fbrwardst  or  nufes 
the  pelvis  towards  the  fternum.  By^  being  for- 
rounded  by  the  tendons  of  other  mufcles,  it  it 
prevented  from  ftarting  from  its  fituation. 

The  Pyramidales  are  a  fliort  pair  of  mufeles  fre- 
quently wanting ;  they  arife  fronii  the  ofla  pubis,  and 
are  inferted  into  the  linea  alba  about  halfway  betweca 
them  and  the  navel    They  ai&ft  the  redus. 

The  anterior  part  of  the  abdomen  is  diffin- 
gutfhcd  into  feveral  divifions,  called  regtou* 
I.  The  epigaftric  region,  which  reaches  from  riic 
pit  of  the  ftomach  to  within  three  fingers  breadth 
of  the  navel,  and  is  bounded  laterally  by  the  hypo- 
chondria. 2.  The  umbilical  region,  which  cxtcmls 
three  fingers  breadth  above  and  below  the  rtavd, 
and  is  terminated  laterally  by  the  lumbar  regions « 
and  3.  Below  thp  umbilical  region  is  the  hypogaf* 
trie,  on  each  fide  of  which  are  the  iliac  reg^« 
StiU  lower  down  is  the  region  of  the  pubis. 

Within  the  cavity  of  the  abdomen  arc  iiaiafed  four 
'pair  of^ufcles  .  The  pibasmagnusariies  from  the 
fide  of  the  body  and  tranfverfe  proceis  of  the  loi^eft 
vertebra  of  the  back,  and  from  thofe  of  all  the  v«r* 
tebne  of  the  loins.  Faffing  downwardfif*  through  the 
pelvis  it  is  inierted  partly  into  the  le&r  trochanitf 

and 
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a&d  partly  into  that  part  of  the  os  fcmoris  a  little 
below  it.  It  bepds  the  thigh  forwards^  or  w^en  the 
thigh  is  fixed^  as  in  the  pofture^of  Handing,  it  bends 
the  trunk  forwards  on  the  ofla  fcmoris.  The  pfoas 
parvus  proceeds  from  the  two  upper  vertebrae  of 
the  loins,  and  fending  off  a  fmali  long  tendon,  is  in- 
fcrtpd  into  the  brim  of  the  pelvis  at  the  junftion  of 
the  OS  ileum  and  pubis.  It  aflifts  the  pfoas  mag* 
nus  in  bending  the  loins  forwards. 

The.  iliacus  intcrnus  arifes  from  the  tranfverfe 
procefc^of  the  laft  vertebra  of  the  loins,  from  the 
inner  edge  of  the  fpine  of  the  ileum,  from  the  edge 
of  that  bone  between  its  anterior  fpinous  proceis 
and  the  acetabuluni,  and  from  mod  of  the  hol- 
low part  of  the  ileum.  It  joins  with  the  pfoas 
rnagnus  where  it  becomes  tendinous,  is  inferted 
along  with  it  into  the  fmaller  trochanter,  and  has 
the  fame  efFeft. 

The  quadratus  luniborum  is  fcatcd  further  back- 
ward;  it  arifes  from  the  pofterior  part  of  the  fpme 
of  the  OS  ileum,  and  is  inferted  into  the  tranfverle 
procefTes  of  all  the  lumbar  vertebrae,  into  the  laft 
rib  near  the  fpine,  and  by  a  fmall  tendon^  into  the 
fide  of  the  laft  vertebra  of  the  back.  Its  ufe  is  to 
move  the  loins  to  one  fide,  or,  when  both  ad,  to 
draw  the  loins  forwards. 

Within  the  pelvis  are  placed  the  obturator  inter- 
nus,  which  arifes  from  the  internal  circumference  of 
the  foramen  thyroideum.  Its  tendon  pafTes  out  of  the 
pelvis,  between  the  pofterior  facro-ifchiatic  ligament 
and  the  tubcrofity  of  the  os^  ifchium,  and  is  inferted 
intathe  l^ge  pit  at  the  root  of  the  trochanter  ma- 
jor. Its  eifed  is  to  roll  the  os  iemoris  obliquely 
outwards. 
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The  Goccygcus  paffes  from  the  fpinous  procds 
of  the  ifchium  to  the  bottom  of  the  os  (acrum  and 
the  y/holc  length  of  the  os  coccygis.  By  its  con- 
traftion  the  os  coccygis  is  drawn  forwards. 

Belonging  to  the  anus  are. 

The  fphinfter  ani,  which  arifcs  from  the  flcin  and 
fat  which  furrounds  the  verge  of  the  anus.  The 
fibres  are  gradually  coUefted  into  an  oval  fcMm,  and 
furround  the  extremity  of  the  reftum,  which  they 
ferve  to  cohtraft. 

The  levator  ani  arifes  from^  the  os  pubis,  within 
the  pelvis,  and  from  the  fpinous  proceis  of  the 
ifchium.  It  is  infcrted  into  the  fphinftcr  ani,  accc- 
icratores  urins^,  and  the  point  of  the  os  coccygis. 
It  furrounds  the  extremity  of  the  reftum  and  Ac 
neck  of  the  bladder,  fo  that  joining  with  its  fellow, 
they  together  very 'much  refemble  the  Ihapeof  a 
funnel.  It  fupp8rts  and  draws  upwards  the  rec- 
tum. 
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Chap.    XIII. 

MUSCLES  OF  THE  INFERIOR  EXTREMITIES. 
MiifiUs  of  the  Tbigh.'^Ofth  Ltg.'^Oftht  Foot  andToes. 

AS  the  two  fides  of  the  trunk  of  the  body  cor- 
refpond,  a  defcription  of  one  fide  is  to  be 
underftood  as  applying  equally  to  both.  In*  the 
fame  manner  the  parts  of  the  extremities  have. 
their  fellows  on  the  oppofite  fide. 

The  mufcles  which  belong  to  the  thigh,  and  arc 
fituated  at  the  anterior  part  of  the  pelvis,  are. 

The  pfoas  magnus,  J  ,1,,^   d^fcHbed. 

The  uiacus  internus,  j  ' 

The  pedUnalis  arifes  from  the  upper  and  ante- 
rior part  of  the  os  pubis,  immediately  above  the 
fpramen  thyroideum.  It  is  infcrted  into  the  an- 
terior and  upper  part  of  the  linea  afpera  of  the  o$ 
femoris,  a  little  below  the  trochanter  minor.  Its 
ufe  is  to  draw  the  thigh  upwards  and  inwards,  and 
to  roll  it  in  fome  degree  outwards. 

The  triceps  adduftor  femoris  arifes  by  three  dif- 
tinft  heads  from  the  ofla  pubis,  and  is  infcrted  into 
almoft  the  whole  length  of  the  linea  afpera,  into^ 
ridge  abov^  the  internal  condyl  of  the  os  femoris 
^nd  into  the  upper  part  of  that  condyl.  The  ufc 
of  this  extenfive  mufcle  is,  as  the  name  exprcffes,  to 
draw  the  thighs  together  j  it  alfo  at  the  fame  time 
tcpds  to  move  them  upwards  and  to  roll  the  thigh 
Qutward§. 

The  obturator  externum  furrounds  the  fbramcq 
thyroideum,  and  alfo  rifes  &om  the  membrane  which 
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fills  up  that  foramen,  and  from  the  adjacent  parts  c£ 
the  OS  pubis  and  ifchium.  It^  fibres  converge  to  a 
point,  and  paflTing  outwards  around  the  back  part  of 
the  neck  of  the  os  iemoris,  are  infertcd  by  a  ftraag 
tendon  into  the  inner  and  back  part  of  the  trochao- 
ter  major,  adhering  in  their  couife  to  the  capiular  li* 
gament  of  the  thigh  bone.  Its  ufe  is  to  roll  the  thigh 
bone  obliquely  outwards,  and  to  prevent  the  capfi^ 
Jar  ligament  frotn  being  pinched* 

The  mufclcs  placed  at  the  pofterior  part  of  the 
pelvis^  and  defignad  for  the  motions  of  the  lower 
extremity  are,  the  gluteus  maximus,  which  forms  the 
external  layer,  and  arifcs  from  the  pofterior  part  of 
the  ^ine  of  the  ileum,  from  the  whole  pofterior  fur- 
face  of  the  OS  factum,  and  from  the  pofterior  (acro- 
ifchiatic  ligamtnt;  defcending  obliquely,  it  pa0cs 
.  Over  the  trochanter  major,  is  firmly  conncded  to 
the  tendinous  cxpanfions  of  the  tenfor  vaginae  fe- 
moris,  and  is  inferted  by  a  broad  tendon  into  the 
upper  and  outer  part  of  the  linea  afpera.  The  ef- 
ftd  of  this  mufcle  is  to  draw  the  thigh  backwards 
and  a  little  outwards; 

The  gluteus  medius  forms  another  layer.  It 
arifes  from  the  anterior  fuperior  fpinous  procels  and 
the  dorfum  of  the  os  ileum,  and  is  inferted  into  the 
outer  and  pofterior  part  of  the  trochanter  major. 
Its  ufe  is  to  draw  the  thigh  outwards,  and  a  litdc 
backwardsj  and  to  roll  it,  efpecially  when  it  is 
bended. 

The  third  layer  confifls  of  four  mufcles. 

The  gluteous  minimus  arifes  from  the  outer  fiir- 
face  of  the  os  ileum  and  the  border  of  the  great 
«iche.    It  is  inferted  into  the  upper  and  anterior 

part 
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piitt  of  the  gitftt  fvodiaiiter^  and  affifts  t^  famier 
R   muiclc. 

c  The  pyri£>lTnis  irifes  within  the  pelvis,  from  die 
1  amerior  part  of  the  os  facruiDj  thence  becdn^ing 
t:  narrower>  it  paflcs  out  of  the  pelvjs  along  with  the 
1  poilerior  crural  nerve,  below  the  niche  in  the  pof- 
li  terior  part  of  the  os  ileum.  It  is  inferted  into  a 
J  cavity  at  the  root  of  the  trochanter  major.  By  its 
contradion  it  moves  the  thigh  alitde  ypwards^  and 
rolls  it  outwards. 

The  gemini  confills  of  two  portions>  bnc  of 
which  rifes  from  the  outer  furface  of  the  ipine  of 
the  OS  ifchium,  the  other  from  the  tuberofity  of  the 
osifchium and  pofterior facro-ifchiatic ligament.  It 
is  inferted  into  the  fame  part  of  the  trochanter  ma-* 
jor  with  the  pyriformis  and  obturator  intemus.  This 
inufcle  rolls  the  thigh  outwards,  and  confines  ti)e 
tendon  of  the  obturator  internus. 

The  quadracus  femoris  arifes  from  the  outfide  of 
the  tuberofity  of  the  os  ifchium,  is  inferted  into  a 
ridge  which  pafles  from  one  trochanter  to  the  other, 
and  rolls  the  thigh  outwardsw 
'  The  mufcles  fcated  on  the  thigh,  and  which  move 
the  leg,  confift  of  two  on  the  infide,  one  on  the 
outfide,  f<ft]r  before,  and  four  behind. 
On  the  infide  are. 

The  iartorius,  which  arifes  from  the  fuperior  an«t 
terior  fpinous  procefs  of  the  ileum.  This  long 
TOufcle,  running  downwards  and  a  litde  inwards,  is 
inferted  into  the  inner  fide  pf  the  tibia.  It  draws 
the  li^gs  obliquely  inwards,  fo  as  to  bring  the  legs 
acrofs  each  other,  for  which  reaion  it  is  called  the 
fart^rius,  ot  the  taylor>  mufcle. 

The 
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The  gracilis  arifes  near  the  ffrnphyfis  of  the  dfla 
pubis,  and  is  infeited  with  the  fartorius  into  the  inner 
part  of  the  tibia.  It  aflifts  the  (artorius  in  bring- 
ing the  legs  acrofs,  and^  when  they  are  a  litde  bcnt^ 
to  aflift  in  bending  them  further. 

On  the  oucfide  of  the  thigh  is  placed 

The  tenfor  vaginae  femoris,  which  arifes  from  the 
external  part  of  the  anterior  fuperior  ipinous  pro- 
cels  of  the  os  ileum.  It  is  infcrted  into  the  tendt- 
nous  fafcia  which  covers  and  confines  the  niufcles  of 
the  thigh.  Its  ufe  is  to  ftretch  and  fupport  die 
fafcia,  and  alfo  to  roll  the  thigh  fomewhac  ia^ 
wards.. 

On  the  fore-part  of  the  th'^h  arc, 
"  The  rcftus,  which  arifes  partly  from  the  inferior 
and  anterior  fpinous  procefs  of  the  ileum,  and 
partly  from  the  dorfum  of  the  ileum,  a  little  above 
the  acetabulum.  PafSng  down  the  middle  of  the  os 
femoris  it  is  inferted  into  the  patella,  by  the  inter- 
vention of  which  its  effeft,  that  of  extending  tfcc 
leg,  is  much  incrcafed. 

The  vaflus  extemus  arifes  from  the  root  of  the 
trochanter  major  and  the  outer  edge  of  the  Itnea  af- 
j)era  through  its  whole  length.  It  is  inferted  pardy 
into  the  upper  and  outer  part  of  the"  patella,  and 
partly  into  the  tendinous  expanfion,  which  is  con- 
tinued from  the  outfide  of  the  thigh  to  that  of  the 
leg.  This  mofcle  aflifts  the  former  in  extending' 
the  leg. 

The  vaflus  intemus  arifes  from  the  fore  part  of 
the  OS  femoris,  the  -  root  of  the  trochanter  minor, 
and  inner  edge  of  the  lihea  afpera.  It  terminates 
partly  m  the  tendinous  apoiieurofis  of  the  1<^  and 


is  partly  inferted  in  the  inrler  and  uf^r'partof  the 
-patella.   \  1 1  alfo  expends  the  leg. 

The  cruraeus  arifcs  from  the  anterior  part  of  the 

OS  feinorisj  between  the  two  trochanters,  but  nearer 

rthe  trochanter  minor*     It  adheres  firmly  to  the 

'^hole  of  the  interior  part  of  the  os  femoris,  is  in- 

ierted  into  the  middle  of  the  patella,  and  alTifts  in 

.cxtcndii^  theleg. 

On  the  pofterior  part  of  the  thigh  are  placed    • 

The  iemitendinofus,  yrhich  arifes  from  the  tu- 

beroficy  of. the  os  ifchium,  and  is  inferted  into  the 

Juifide  of  the  ridge  of  the  tibia  a  little  below  its  tU'> 

bercle.     Its .  efieft  is  to  bend  the  leg  and  draw  it 

Jnwards*  , 

The  femimembranofusy  which  originates  frpifi 

the  tuberofity  of  die  ifcbium,  and  is  inferted  into 

-the   inner  and   back  part  of  the  head  of  the 

tibia.-    It'  bends  the  leg^   and  brings   it  diredly 

.backwards. 

TJie  biceps  flexor  cruris  ariies  by  two  diftind 
htiids*  Of  thefe  the  longer  proceeds  from  the  tu^ 
berofity  of  the  ifcbiuno,  and  the  fhorter  frdm  the 
linea  afpera,  a  little  below  the  termination  of  the 
giutetps  maximus.  The  two  heads  join  a  lirtle 
above  the  external  condyl  of  the  03  femoris,  and 
are  inferted  by  a  flrong  tendon  into  the  head 
of  the  fibula,  forming  the  external  .ham-firing. 
The  internal  is  formed  by  the  two  preceding 
mufcles. 

The.  popliteus  arifes  from  the  iower  and  bacic 
part  of  the  external  condyl  of  the  os  femoris,  it 
runs.over  the  ligament .  which  involves  the  joint, 
sad  is  inferted  into  a  ridge  at  the  upper  and  internal 

edge 
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edge  of  the  labia,  a  littk  bdow  its  head*  It  mtEta 
in  bending  the  leg,  and  ptcTCOts  the  capliilar  ligi- 
ooent  from  beii^  pinchedL 

The  naufelcs  ficuami  an  die  leg,  and  which  pei^ 
*£>rm  the  motions  of  the  fbot^  are  other  enenfen 
or  flexors  of  the  foot,  or  exten£brs  andflexors  of  the 
'toes  in  general. 

The  extenfors  of^the  foot  are :  thegaftrocnemiBs, 
which  arifes  by  two  heads,  one  from  eadi  of  the 
condyls  of  the  os  fcmoris.  A  littk  below  the  joint 
their  fleihy  bellies  unite  in  a  middte  tendon,  and 
below  the  middle  of  the  tibia  it  terminates  in  a 
broad  tendon  of  the  following.raufde. 

The  foleus,  or  gailrocnemius  intemus,  aUb  sifb 
by  two  heads  ;  one  firom  the  t^per  and  back  part 
of  the  head  of  the  fibula,  the  other  from  the  opper 
and  pofterior  part  of  the  tibia.    The  flefli  of  diis 
tnufde,  covered  by.  the  lendon  of  the  gemellus,  mm 
down  nearly  as  far  as  the  extremity  of.  the  tibia, 
a  licde  above  which  the  tendons  of  diis  and  of  the 
preceding  mufcle  unite,  forming  a  ftrong   ooid 
called  tendo  achiUis,  whicKis  infeited  into  the  pofte- 
rior  and  prcgefbing  part  of  the  o&  calcis.     The  dis- 
tance of  the  extremity  of  the  os  calcisiirom  the  aflra- 
galus,  which  is  the  center,  on  which  the  .motions,  of 
*  the  foot  are  performed,  gives  thefc  mtifdes  great 
power.      Their  cficftis  to  .extend  the  fc)ot  by 
bringing  it  more  nearly  into  the.dire6l:ion.of  the 
tibia.     When  the  foot,  however,  becomes  ihe  moft 
fixed  point,  as  in  the  eredt  pofturc  of  die  body^,  thefc 
two  mofcles,  by  preflfing  the  foot  agaioft  die  ground, 
^raife  the  body ;  they  are  therefore  very  nuich  em- 
ployed in  walking,  running,  and  jumping,  but  par- 
ticularly 
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ticulariy  in  afcending  fteps,   whence  the  fatigue 
.  felt  in  thefe  mufcles  which  form  the  calves  of  the 
legs  by  a  continuance  of  that  exercife. 

The  plaiitaris  arifes  from  the  upjfcr  and 
back  part  of  the  external  condyl  of  the  os  fe* 
moris,  adhering  in  its  dcfcent  to  the  capfular  liga,- 
mcnt  of  the  knee.  Paffing  under  the  gemellus^  it 
foon  tcrmmates  in  a  thin  tendon,  which  h  the  longeft 
in  the  body,  and  which  is  infertcd  into  the  infide  of  . 
.  the  back  part  of  the  os  calcis.  It  co-operates  with 
,  the  former  mufele  in  extending  the  foot,'  and  alfo  j 

pulU  the  capfular  ligament   of  the  knee    from  j 

,. between  the  bones,  and  prevents  it  from  being  | 

pinched. 

The  Bexors  of  the  foot  are  four,  two  of  which  "  * 

bclorjg  to  the  tibia  and  two  to  the  fibula. 

The  tibialis  anticus  proceeds  from  the  upper  and 
fore  part  of  the  tibia,  and  from  the  interoflcous  li- 
gament. Near  the  extremity  of  the  tibia  it  (ends 
0IF  a  round  tendon,  which  pafles  under  the  ligamcn- 
tum  tarfi  annulare  near  the  inner  ankle.  It  is  in- 
fcrted  into  the  infide  of  the  os  cuneiforme  internum 
and  the  pofterior  end  of  the  metacarpal  bone,  which 
.  fuftains  the  great  toe.  The  eflfeft  of  this  mufele  is 
to  bend  the  foot,  by  drawing  it  upwards,  and  at  the  - 
fame  time  to  turn  it  inwards. 

The.  tibialis  pofticus  proceeds  from  the  upper 
part  of  the  tibia  near  its  union  with  the  fibula,  then 
paffing  through  a  perforation  in  the  interoffeous  li- 
gament, it  continues  its  origin  from  the  interoffeous 
ligament,  and  from  the  upper  half  of  the  tibia'', 
receiving  alfo  a  few  fibres  from  the  fibula.     It  fends 

off 
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off  a  round  tendon,  which  p^ffes  in  a  groove  behind 
the  malleolus  internus.  It  is  inferted  into  the  inndr 
part  of  the  os  navicularc,  and  into  the  adjacent 
bones,  at  the  internal  and  upper  part  of  the  foot* 
This  mufcle  alfo  bends  the  foot,  and  turns  it  in- 
wards. 

The  two  flexors  which  proceed  from  the  fi- 
bula are. 

The  pcroncus  longus,  which  arifes  from  the  fore 
part  of  the  hc^d  of  the  fibula  or  peroncy  and  alfo 
continues  to  receive  fibres  from  the  external  part  • 
of  this  bone  almoft  as  low  as  the  ankle.  Its  tendon 
runs  in  a  channel  at  the  back  part  of  the  outer  an- 
kle, thence  being  rcflefted  to  the  finuofity  of  the 
OS  calcis,  it  runs  in  a  groove  in  the  os  cuboides,  and 
pafling  clofc  to  the  bones  in  the  fole  of  the  foot,  it 
is  inferted  chiefly  into  the  metatarfal  bone  of  the 
great  toe.  This  mufcle  moves  tbe  foot  outwards 
and  a  little  upwards. 

The  peroneus  brevis  arifes  from  the  outer 
and  fore  part  of  the  fibula.  Its  tendon  paflTes  be- 
hind the  outer  ankle,  in  which  fituation  it  is  retained 
by  the  fame  ligament  as  that  of  the  laft  mufcle.  It 
is  inferted  into  the  root  and  external  part  of  the 
metatarfal  bone  of  the  litde  toe.  This  Inufcle  alio 
moves  the  foot  outwards  and  a  little  upwards* 

The  common  extenfors  of  the  toes  are. 

The  extenfor  longus  digitorum  pedis,  which 
arifes  from  the  upper,  outer,  and  fore  part  of  th(t 
tibia,  interoflcous  ligament,  and  inner  edge  of  the 
fibula.  It  divides  into  four  tendons  under  the  liga- 
mentum  tarfi  annulare.  It  is  inferted  by  four  flat 
K^dons  into  the  roots  of  the  firfl:  joints  of  the  four 
4  foiiaU 
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frtiall  toes.  Its  ufe  is  to  extend  iA''i3^:  jointt  of 
thefe  toes.  A  portion  of  this  mufde  is  inferted 
into  the  metatarfal  bone  of  the(  litite:  toe,  a(Ms 
in  bending  the  foot^  and.  is  called  the  peroneus 
tertius. 

The  extenfor  brevx«  figicorutnT>edi$  arifes  ft6m 
the  fore  and  upper  part  of  the  os  calcis,  is  inferted 
into  the  tendinous  expanfion  at  the  upper  part  of 
the  foot,  and  extends  the  toes. 

The  common  flexore  of  the  toes  are. 

The  flexor  brevis  digitonini  pedis,  \rhich  arifeg 
from  the  lower  part  of  the  os  calcis.  Its  thick  flcfli7 
bcUy  foon  divides  into  four  tendons,  which,  after 
being  pierced  by  thofe  of  the  following  mufclc, 
arc  inferted  into  the  fecond  phalanx  of  the  four 
fmall  toes.  This  mufcle  bends  the  fecond  joint  of 
thefe  toes. 

The  flexor  longus  di^torum  pedis  arifes  from 
the  upper  and  bick  part  of  the  tibia,  fome  diftance 
below  its  head.  In  its  courfe  downwards  it  is  in- 
Creafed  by  flelhy  fibres  from  the  inner  edge  of  the 
tibia,  and  by  means  of  tendinous  fibres  is  connected 
to  the  outer  edge  of  that  bone.  Pafling  under  Vffo 
annular  ligaments,  which  retain  its  tendon  in  its  pro- 
per fituation,  it  is  received  into  a  finuoflty  at  the 
infide  of  the  os  calcis^  and  about  the  middle  of  the 
fole  of  the  foot  divides  into  four  tendons,  which 
perforate  thofe  of  the  flexor  brevis,  and  are  inferted  ' 
into  the  extremity  of  the  lafl:  joint  of  ihe  four 
fmaH  toes.  Its  ufe  is  to  bend  the  laft  joint  of  the 
toes* 
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This  mulcle  receives,  in  die  fole  of  the  foot,  axKV 
thcr,  which  arifes  from  the  infide  of  the  os  calds^ 
and  which. increafes  its  ftrength. 

The  lumbricalcs  pedis  arc  four  finall  muiclcs 
iiT  the  fole  of  the  foot,  fo  called  from  their  rcfcm- 
blance  in  fize  and  appearance  to  earth-worms ;  they 
arife  from  the  four  tendons  of  the  flexor  digitorum 
longus,  and  are  inferted  into  the  infide  of  the  firft 
joint  of  the  four  fmall  toes.  Thefe  mulcles  reoda 
the  flexion  of  the  toes  more  cxtcnfive,  and  draw 
them  inwards. 

The  mufclcs  fituatcd  chiefly  on  the  foot  arc  thofc 
defigned  for  the  motions  of  each  of  the  toes  in  par- 
ticular. To  the  great  toe  belong  five  mufcles.  Of 
thefe,  one  extends  it,  two  bend  it,  one  draws  it  out- 
wards, and  another  inwards. 

The  litdc  toe,  befides  the  common  flexors  and 
extenfors,  has  two  mufcles  proper  to  itfelf.  One  of 
thefe  draws  it  outwards,  and  the  other  contributes 
to  its  flexion* 

Between  the  metatarial  bones  are  alfo  feated  feven 
mufcles,  called  the  intcroflTei  interni  et  extemi.  The 
internal  interoflci  are  three  in  number  j  their  ufc  b 
to  draw  the  three  fmaller  toes  towards  the  great  toe. 
The  external  interoflei  are  four;  of  thefe,  the  firft 
fcrves  to  move  the  fore-toe  towards  the  great*toe  i 
the  other  three  draw  the  three  toes  next  die  great 
toe  outwards.  AH  the  interoflei  afiift  in  extending 
the  toes. 

The  tranfverfalis  pedis  arifes  from  the  under 
part  of  the  anterior  extremity  of  the  metatarfal  bone 
of  the  great  toe,  and  terminates  at  that  Crf  the  me- 
tatarfal bone  of  the  licdc  toe#    By  the  Contra6tioD 

'    of 
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of  this  mufcle  the  great  and  little  toes  are  brought 
nearer. 

The  mufcles  fituated  in  the  foot  are  covered 
and  proceded,  by  a  ftrohg  tendinous  expanfionj 
which  pailes  from  the  os  calcis  to  the  firft  joints  of 
all  the  toes* 
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Chap.    XIV, 

MUSCLES  OF   THE  SUPERIOR  EXTREMITIES. 

Scapular  Mu/cles.^^Mu/cles  of  the  Fare-arm. — Of  the  Hamd^r^ 
Of  the   Finders, 


THE  peftoralis  major  and  htiffimus  dorG  have 
already  been  defcribcd. 

The  mufcles  which  are  fcated  on  the  (capuls^ 
and  which  are  inferted  into  the  os  humeri^  arc. 

The  fuprafpinatus,  which  arifes,  as  its  name  cx« 
preflcs,  from  that  part  of  the  fcapula  which  is  above 
its  fpine ;  it  paflTes  under  the  acromion,  adhering 
to  the  capfular  ligament  of  the  os  humeri,  and  i» 
inferted  intp  the  large  tuberofity  on  the  head  of 
that  bone.  Its  ufe  is  to  raife  the  arm  upwards,  and 
to  draw  the  capfular  Kgamcnt  from  between  the 
bones,  fo  that  it  may  not  be  hurt  by  comprcflion. 

The  infrafpinatus,  which  originates  from  all  that 
part  of  the  bafe  of  the  fcapula  that  is  between  its 
^ine  and  inferior  angle;  and  alfo  from  the  ipinea» 
fer  as  the  cervix  fcapulae.  Its  tendon,  running  for- 
wards,  is  conneded  with  the  capfular  ligament,  and 
terminates  in  the  middle  and  upper  part  of  the  pro- 
tuberance on  the  head  of  the  os  humeri.  This 
mufcle  rolls  the  humerus  outwards,  fupports  the 
arm  when  raifed,  and  alio  afliffs  in  raifing  it,  and 
pulls  the  ligament  from  between  the  bones. 

The  teres  minor  arifes  from  the  inferior  cofta  of 

the  fcapula,  and  is  inferted  into  the  back  part  of  the 

,    S  tuberofity 
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toberofity  on  the  head  of  the  os  humeri.  Its  ufc  1^ 
to  roll  the  humerus  outwards  and  draw  it  back- 
wards, and  by  its  connection  with  the  capfular  li- 
gament of  the  ofi  humeri,  to  draw  it  fix)m  between 
the  bones. 

The  teres  major  arifes  from  the  inferior  angle  and 
inferior  coft^  of  the  fcapula;  its  flcfhy  fibres  arc 
continued  over  part  of  the  infrafpihatus  mufcle,  to 
which  they  fkmly  adhere.  It  is  inferted,by  a  broad 
and  thin  tendop,  along  with  the  latiffimus  dorfi, 
into  the  ridge  at  the  inner  fide  of  the  groove  for 
lodging  the  tendon  of  the  long  head  of  the  biceps.  Its 
cffeft  is' to  roll  the  humerus  inwards,  and  draw  it 
backwards  and  downwards. 

The  dcltoides  arifes  from  the  clavicle,  procefliis 
acromion,  and  the  fpine  of  the  fcapula ;  from  thefe 
origins  its  fafciculi  converge,  forming  a  covering  to 
the  anterior  part  of  the  joint  of  the  os  humeri.  It 
is  inferted  into  a  rough  protuberance  in  the  outer 
fide  of  the  os  humeri.  The  chief  effeft  of  this 
mufcle  is  to  raife  the  arm  ;  but  from  the  different 
direftion  of  its  fibres,  it  may  alfo  nwve  it  back* 
wards  or  forwards. 

The  coraco-brachialis  arifes  from  the  fore  part  of 
the  coracoid  procefs  of  the  fcapula,  is  inferted  into 
the  middle  and  inner  fide  of  the  os  humeri,  and  ' 

moves  the  arm  upwards  and  forwards. 

The  fubfcapularis  arifes  from  the  whole  internal 
furface  of  the  fcapula  $  after  being  connedted  to 
the  capfular  ligament,  it  is  inferted  into  the  upper 
part  of  the  fmall  internal  protuberance  at  the  head 
of  ;he  Qs  humeri*    It  rolls  the  os  humeri  inwards, 
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draws  it  to  the  fide  of  the  body,  and  draws  tlic 
capfular  ligament  from  between  the  bones. 

The  mufcles  fituated  on  the  os  humeri,  and  which 
move  the  fore-arm,  arc  only  four ;  two  being  placed 
before  for  the  flexion  of  the  joint,  and  two  behixid 
for  its  cxtenfion.    Thofe  placed  before  are. 

The  biceps  flexor  cubiti,  which  confifts  of  two 
headS)  which  unite  about  the  middle  of  the  os  hu- 
meri. Of  thefe  the  Ihorter  rifes  from  the  coracoid 
procefsofthe  fcapulas  the  longer  and  outerinoft 
begins  from  the  upper  edge  of  the  glenoid  cavity 
of  the  fcapula,  pafles  over  the  head  of  the  os  hu- 
meri within  the  joint,  and  in  its  defcent  without  the 
joint  is  inclofed,  by  a  membranous  ligament,  in  a 
groove  near  the  head  of  the  os  humeri.  This 
mufcle  is  inferted,  by  a  flrong  roundifli  tendon,  into 
the  tubercle  on  the  upper  end  of  the  radius  inter- 
nally. Its  effcds  are  to  bend  the  fore  arm,  and  to  turn 
the  radius  outwards,  ar^  fo  bring  the  palm  of  the  hand 
uppermoft.  Part  of  the  tendon  proceeding  from  this 
mufcle  is  alfo  fpent  in  a  tendinous  expanfion,  which 
covers  all  ihe  mufcles  at  the  infide  of  the  fore  arm, 
and  joins  with  another  tendinous  n>embrane,  which 
is  fent  oflf  behind  from  the  triceps  extenfor  cubid. 
The  ufe  of  thefe  expanfions,  as  in  other  parts  of  the 
body,  is  to  confine  the  motions  of  the  mufcles,  to 
proteft  tl)em,  and  to  give  origin  to  a  number  of 

fibres.    , 

The  braehialis  internus  arifes  from  the  os  humeri 
it  each  fide  of  the  infertion  of  the  tendon  of  the 
deltoides.  Being  clofely  applied  to  the  inferior  and 
inner  part  of  the  os  humeri,  it  runs  over  the  joiner 
}3  firmly  attached  to  the  ligament,  and  is  inferted 

into 


Chap,  14.]     MuJcUsoftheVcre-armyiSc.        199 

into  the  coronoid  proeefs  of  the  ulna.     It  aflifts  the 
former  mufcle  in  bending  the  fore-iirm. 

Behind  are 

The  triceps  extcnfor  cubiti,  which  confifts  of 
three  heads  ;  of  chefe  one  proceeds  from  the  infe- 
rior cofta  of  the  fcapula,  another  from  the  uppcif 
and  outer  part  of  the  os  humeri,  and  the  third  from 
the  back  part  of  that  bone.  Thefe  three  heads, 
when  united,  form  a  large  mufcle,  which  is  clofcly 
applied  to  the  pofterior  part  of  the  humerus,  from 
which  they  receive  fome  mufcular  fibres.  This- 
mufcle  is  fixed  to  the  upper  and  outer  part  of  fhc 
olecranon  of  the  ulna.          "^ 

The  anconseus  arifes  from  the  external  condyle 
of  the  OS  humeri,  and  is  inferted  into  a  ridge  on  the 
outer  and  pofterior  edge  of  the  ulna.  It  aflifls  in 
extending  the  fore  arm. 

The  mufcles  fituated  on  the  fore  arm  may  be 
divided  into  four  orders :  i.  Flexors  and  extenfbrs 
of  the  whole  hand.  a.  Flexors  and  extenfors  of, 
the  fingers.  3.  Supinators  and  pronators,  or  thofc 
which  roll  the  radius  on  the  ulna.  4.  Flexors  and 
.extenfbrs  of  the  thumb  and  fore  finger. 

The  firft  order  confifts  of  three  fiexors  and  three 
extenfors.     jhe  flexors  are, 

The  palmaris  longus,  which  arifes  from  the  inner 
condyle  of  the  os  humeri,  and  is  infprted  partly  into 
the  annular  ligan^ent^  which  confines  the  tendons 
ifeated  in  the  wrift,  and  partly  into  the  tendinous 
cxpanfiom  whiclj  covers  the  palm  of  the  hand. 
Tnis  niulglc  bends  the  wrift  andftretchcs  this  mem* 
braner 

O4  Th? 
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The  palmaris  brevis,  which  originates  fi-om  the 
annular  ligament  and  tendinous  expanfion  on  the 
palm  of  the  hand,  and  is  inferted  into  the  os  pifi- 
formCj  and  the  fkin  covering  the  abdut^boj-  minimi 
digiti.  j[t  aflifts  in  contra&ing  the  palm  of  the 
hand.  This  fmall  mufcle  is  commonly  confidered 
a»  belonging  to  the  former. 

The  flexor  carpi  radlalis  proceeds  from  the  inncF 
condyle  of  the  os  humeri>  and  is  iniertcd  into  the 
metacarpal  bpne  of  the  fore  finger.  It  bends  the 
hand  and  aflifts  in  its  pronation^  that  is^  in  turning 
the  palm  downwards. 

The  flexor  carpi  ulnaris  arifes  alfo  from  the  in- 
ternal condyle  of  the  os  humeri,  and  alfo  from  the 
puter  fide  of  the  olecranon.  It  is  inferted  intq 
the  OS  pififorme,  and  aflifls  in  bending  the  wrill. 

The  extenfors  of  the  whole  hand  arej 

The  cxtenf^Jr  carpi  radialis  longior,  which  arifes 
from  die  lower  pare  of  the  external  ridge  of  the 
OS  humeri,  above  irs  external  condyle.  It  is  in- 
ferted into  the  upper  part  of  the  metacarpal 
bone,  which  fupports  tlie  fore  finger.  Its  cfFed 
is  to  extend  the  wrift  and  bring  the  hand  back- 
wards. 

The  cxtenfor  carpi  radialis  brcvior  arifes  from 
the  outer  part  of  the  ext^^rnal  condyle  of  the  hu- 
merus, and  from  the  ligament  which  conncdls  the 
radius  to  it.  It  is  inferred  into  the  upper  part  of 
the  metacarpal  bone  of  the  middle  finger,  arid  ex- 
tends die  wrift. 

The  extcnfor  carpi  ulnaris  ariles  from  the  ex- 
ternal condyle  of  the  os  humeri,  and  alfo  receive^ 
an  acccflion  of  fibres  in  its  progrefs  from   the 

ulna« 
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Mlna«  Its  round  tendon  is  confined  by  %  mem* 
branous  (heath  in  a  groove,  which  is  fituated  at 
the  extremity  of  the  uh)a»  It  i|5  infertfcd  into  the 
upper  part  of  (he  metacarpal  bone  of  the  little  fin-' 
gcr,  and  affifts  in  extending  the  wrifU 

The  flexorj  and  extcnfors  of  (he  four  fingers  are» 

The  flexor  fublimis  perforatusj   which  ariles 

from  the  internal  condyle  of  the  os  humeri,  the  innet 

edge  of  the  coronbid  proccls  of  the  ulna,  and  the 

upper  and  anterior  part  of  the  radius.    It  fends  ol? 

four  tendons  before  it  paflcs  under  the  ligarpent  of 

the  wrift,  which  being  divided  for  the  paflage  of 

the  tendons  of  the  following  milfcle,  are  inferred 

into  the  anterior  and  upper  part  of  the  fecond  bone 

pf  each  finger.    It  bends  the  fecond  joints  of  the 

fingers,  -  ^ 

The  flexor  profundus'  perforans,  which  origin 

^ates  from  the  upper  part  of  the  ulna,  and  from  a 

conQdcrablc  part  of  the  interoflfcous  ligament.    It 

divides  into  four  tendons,  which  pafe  through  the 

flics  in  the  tendons  of  the  preceding  mulcle,  and  aie 

inferted  into  the  upper  part  of  the  lafl:  bone  of  the 

four  fingers.    Its  ufe  is  to  bend  the  laft  joint  of  the  . 

fingers. 

The  lumbricales  arife  from  the  four  tendons  of 
the  preceding  mufcle,  and  are  inferted  into  the  outer 
fides  of  the  broad  tendons  oCthe  interoflei  mufcles* 
They  increafe  the  flexbn  of  the  fingers. 

The  extenibr  digitorum  communis  arifes  fi-om 
the  outer  condyle  of  the  os  humerij  and  is  inferted 
into  the  pofterior  part  of  all  the  fingers  by  a  tendi** 
nous  expanfion.  It  extends  t|ie  joints  of  all  the 
fingers. 

The 
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'  The  mufcles,  which  roll  the  radius  pn  the  uha, 
are. 

The  fupmator  radii  longus,  which  arifes  from 
the  external  ridge  of  the  os  humeri,  above  tlxe 
external  condyle.  It  is  inferted  into  the  outer 
fide  of  the  inferior  extremity  of  the  radius.  Its 
effed  is  to  roll  the  radius  outwards,  and  confe- 
quently  to  turn  the  palm  of  the  hand  upwards. 

'  The  fupinator  radii  brcvis,  which  arifes  from  the 
external  condyle  of  the  os  humcrii  and  pofterior  Jfiir- 
£ice  and  outer  edge  of  the  ulna.  It  is  inferred  into 
the  head>  neck,  and  tubercle  of  the  radius.  It  rolls 
the  radius  outwards,  and  turns  the  palm  of  the  hand 
upwards. 

The  pronator  radii  teres,  which  originates  from 
the  internal  condyle  of  the  os  humeri  and  coronoid 
procefs  of  the  ulna.  It  is  infcrted  into  the  pofterior 
part  of  the  radius,  about  the  middle  of  that  bone. 
Its  effed  is  to  roll  the  radius,  with  the  hand,  inwards, 
and  confequently  to  turn  the  back  of  the  hand  up- 
wards, or  to  lay  the  hand  prone. 

The  pronator  radii  quadratus  arifes  from  the 
inner  and  lower  part  of  the  -ulna.  Its  fibres,  run- 
ning tranfverfcly,  are  infcrted  into  'the  anterior  part 
of  the  radius  oppofiic  to  their  origin. 

For  the  motion  of  the  thumb  are  placed  in  the 
fore-arm. 

The  flexor  loDgus  poUicis  manus,  which  origi- 
nates from  the  upper  and  fore  part  of  the  radius ; 
its  tendon  pafles  under  the  ligament  of  the  wrifl,  and 
is  infcrted  into  the  laft  joint  of  the  thumb,  which  it 
ferves  to  bend. 

The  cxtenfor  oflis  metacarpi  pollicis  manus, 
which  arifes  from  the  middle  and  pofterior  part  of 

the 
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the  ulna,  from  the  middle  and  pofterior  part  of  the 
radius,  and  from  the  interofleus  ligament.  It  is 
inferted  into  the  os  trapezium  and  upper  back  part 
e(  the. metacarpal  bone  of  the  thumb.  Its  effeft  i$ 
to  extend  the  metacarpal  bone  gf  the  thumb  out« 
wardly. 

The  extenfor  primi  internodii  arifes  from  the 
pofterior  part  of  the  ulna,  and  from  the  interofieous 
ligament.  It  is  inferted  into  the  pofterior  part  of 
the  firft  bone  of  the  thumb,  which  it  extends  ob- 
liquely outwards.  --^ 

The  extenfor  fccundi  internodii,  arifes  from 
the  middle  and  back  part  of  the  ulna,  ^and  from 
the  intcroflcous  ligament,  and  is  inferted  into  the 
Jaft  bone  of  the  thumb,  which  it  extends -obliquely 
backwards. 

To  the  fore  finger  belongs 

The  indicator,  which  begins  from  the  pofterior 
part  of  the-utaa,  about  the  middle  of  that  bone.  Its 
tendon,  accompanying  that  of  the  extenfor  digito« 
mm  communis,  which  belongs  to  the  fame  fci- 
ger,  they  are  inferted  together  into  its  upper  part 
Its  efFeft  is  to  extend  the  fore  finger,  whence  its 
name  of  indicatory  as  that  is  the  finger  with  which 
we  ufually  point  at  any  objeft  of  attention. 

The  mufclcs  feated  in  the  hand  may  be  divided 
into'  thofe  of  the  thumb  and  tholp  of  the  fore  and 
litde  fingers. 

The  fiexor  brevis  pollicis  manus  ariies  from  the 
OS  trapezoides,  annular  ligament,  os  magnum,  and 
osunciforme,  and  is  inferted  into  the  fecond  joint 
of  the  thumb,  which  it  ferves  to  bend. 

The 
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.The  flexor  oflis  metacarpi  poUtcls,  or  opponcm 
polliciS)  arifes  from  the  os  trapezium  and  liganocn- 
turn  carpi  annulare.  It  is  inftrted  into  the  undo' 
iMid  anterior  part  of  tlie  firft  bone  of  the  thumb. 
Its  efieft  is  to  bring  the  thumb  inwards^  lb  as  to  place 
it  in  oppofition  to  the  fingers. 

The  abduftor  pollicis  manus  commences  from 
the  ligamentum  carpi  annulare  and  from  the  os  tra- 
pezium, and  is  inferted  into  the  outer  fide  of  the 
root  of  the  firft  bone  of  the  thumb.  Its  ulc  is  to 
draw  the  thumb  from  the  fingers. 
'  The  adduftor  pollicis  manus  arifcs  from  the 
metacarpal  bone  which  fuftains  the  middle  finger, 
ftnd  is  inferted  into  the  inner  part  of  the  root  of  the 
firft  bone  of  the  thumb.  This  mufcle  pulls  the 
thumb  towards  the  fingers. 

The  thumb  has,  therefore,  in  all,  eight  mulcles, 
four  fcated  in  the  fore-arm  and  four  \n  the  hand. 
Of  the  whole  eight,  three  are  flexors,  three  extco* 
fors,  one  is  an  abduftor,  the  other  an  addu<9tor. 

One  mufcle,  the  indicator,  proper  to  the  fore* 
finger,  and  feated  in  the  fore-arm  has  been  already 
defcribed ;  another  mufcle  proper  to  this  finger  is 
feated  in  the  hand  ^  it  is  called 

The  abdudtor  tndicis  manus,  and  arifcs  from  the 
inner  fide  of  the  firft  bone  of  the  thumb  and  fix>m 
the  OS  trapezium,  and  is  inferted  into  the  firft  bone 
of  the  fore-finger.  It  ferves  to  bring  the  foje- 
finger  towards  the  thumb. 

To  the  little  finger  belong 

The  abduftor  minimi  digiti,  which  arifes  from 
the  OS  pififorme  and  the  adjacent  part  of  the  annu^ 
lar  ligament.    It  is  inferted  into  the  fide  of  the  firft 

bone 


Chap.  14-]         Band^  Fhgers^  ^c.  aof 

l^ne  of  the  Uttk  finger,  which  ic  draws  from  the 
reft. 

The  adductor  meucarpi  minimi  dlgidl  nuinus, 
v^hich  arifes  from  the  os  uncifbrme  and  the  ac^'a-^ 
c^nt  part  of  the  annular  ligament  i  it  is  inferred  into 
the  anterior  part  of  the  metacarpal  bone  of  the  litde 
finger,  which  it  draws  towards  the  reft*    . 

The  flexor  parvus  minimi  digiti  arifes  from  the 
OS  unciforme^  and  from  the  ligan^ent  of  the  wrift 
near  it,  and  is  inferted  into  the  firft  bone  of  the  lit- 
tle fii\ger.  It  bends  the  litde  finger>  and  aflifts  the 
addudtor. 

Between  the  metacarpal  bones  there  are  four  in- 
ternal and  three  external  mufclcs,  named  interoflei* 
They  are  inferted  into  the  roots  pf  the  fingers. 
The  interoffei  interni  extend  the  fingers,  and 
move  them  towards  the  thumb,  except  the  tinrdj 
which  draws  the  middle  finger  from  the  thumb. 
The  interoffei  externi  alfo  extend  the  fingers; 
but  the  firft  draws  the  middle  finger  inwards,  the 
fecond  draws  it  outwards,  and  the  third,  draws  the 
ring-  finger  inwards. 

The  figure  in  Plate  IV.  reprefents  the  firft  layer 
of  mufcles  fituated  on  the  anterior  part  of  the  whole 
body,  immediately  under  the  common  integumentSj 
and  tendinous  &fcia?. 

M  u  s  CI,  E  s  fituated  on  the  Head  aid  Nb  cic. 
i,  The  anterior  flclhy  belly  pf  the  occipito-fron«» 
talis  fituated  on  the  os  fronds. 
Above  tf,  the  tendinous  aponeurofis  of  the  occi- 
jpito-fi^ontalis,  covering  the  upper  part  of  the 
parietal  bones^ 
hi  Attqllens  aurem* 

Under 
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Under  it  the  tendinous  aponcurofis  covering  the 

temporal  mufcle* 
Anterior  auris  between  c  and  the  ear* 
f.  Orbicularis  palpebrarum. 

Its  tendon  is  ieen  at  the  inner  canthus>  fixed  ta 
the  nalal  procefe  of  the  fuperior  maxillary  bone. 
Levator  labii  fuperioris  alae^que  nafi. 

Seen  divided  into  two  portions  running  down 
along  the  fide  of  the  nofe  s  and  on  tne  out^ 
fide  of  it,  the  levator  anguli  oris. 
Next  this,  the 
Zygomaticus  minor. 
Farther  outwards, 
Zygomaticus  major. 

On  the  ala  and  tip  of  the  nofcj  the 
Compreflbr  naris.  ^ 

d^  Depreflbr  anguli  oris. 

And  beneath  it,  a  portion  of  the  depreflbr  kbn 
inferioris. 
#,  Orbicularis  oris 
fy  Platyfma-myoides. 

Behind  f^  the  ftemo-cleido-maftoidaeus  is  fceii 
through  the  platyfma-myoides. 

Trunk. 

^,  iPedoralis  major. 

The  upper  part  of  it  is  covered  by  the  origin  of 
the  platyfma-myoides. 
iy  Serratus  magnus. 

The  other  portions  refemble  this. 
€y  Latiflimus  dorfi. 
i/^  Obliquus  externus  defcendenSf 

#,  Linet 
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e,  Linea  remilunaris« 
/,  Linea  alba. 

Below  y;  the  umbilicus. 

Between  e  and/,  the  rcdkis  abdominis  1  and,  at 
the  inferior  part  of  the  linea  alba,  oppofite  to  g^ 
the  pyramidales  appear  through  the  tendons 
of  the  oblique  mufcles. 
gy  Ring  Qf  the  external  oblique  mufcles  with  the 
fpormatic  thord,  paffing^  through  it,  and  co- 
^  V.  red  by  the  cremaftcr  mufcle. 

Superior    Extremity. 
4 J  Dtltoides. 

Aaove  the  clavicle,  a  portion  of  the  trapezius  is 
feen. 
*,  liiccps  flexor  cubiti. 

At  the  bending  of  the  arm  is  feen  its  tendon 
.:     going  towards  the  radius,  and  the  part,  from 
which  the  tendinous  aponeurofis  that  covers 
the  fore-arm,  is  cut  off. 
On  the  infide  of  the  biceps,  part  of  the  triceps 
extenfor  cubiti ;  and  on  the  outfide,  part  of  the 
brachialis  internus. 
c^  Supinator  radii  longus. 
d,  Pronator  teres. 
4^  Palmaris  longus. 

f,  Palmaris  brevis. 

On  the  palm  of  the  hand,  the  aponeurofis .  palt^ 
maris  is  feen  extended  from  the  annular  liga-n 
iiient  at  the  wrifl:,  to  the  roots  of  the  metacar- 
pal bones  of  the  four  fingers.  ' 

g,  Flexor  carpi  radialis. 

k,  Part  of  the  flexor  fublimis  pcrfbratus. 

/  i^  In* 
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ii  Infertioh  of  the  flexor  carpi  ulnaris* 
ii  Abdudor  pollicis. 

IkVBitiOR    ExTREMrrr* 

m^  Tenfor  vaginas  femoris,  the  vagina  or  tendinous 
fafcia  being  cut  off. 
On  the  outfide  of  it  a  portion  of  the  glutsis 
maximus. 
i^  Part  of  the  iliacus  intemua. 

On  the  infide  of  it,  between  b  and  c,  pare  of  the 
pfoas  magnu$« 
r,  Peftinalis. 
J,  Triceps  longus* 
i^  Gracilis. 
yi  Sartorius. 
jr^  Re6tus  cruris.  . 

Its  tendon  is  feen  inferted  into  the  patella^  from 
which  a  ftrong  tendon  is  fent  to  be  fixed  to 
the  tubercle  of  the  tibia. 
ir,  Vaftus  externus^ 
i,  Vaftus  internus. 
*,  Tibialis  anticus. 
/j  Peronaeus  longus. 

On  the  outfide  of  it,  a  portion  of  the  ibiacus. 
m>  Extenfor  longus  digitorum  pedis,  widi  the  pcrd- 
nsus  tertius,  and  extenfor  proprius  poUicis  pcditi 
Hy  Gaftrocnemius  externus,  or  gemellus^ 
9,  Solasus. 

/,  Ligamentum  tarfi  annularc4 
f I  AbduAor  poUicis  pedis. 


TM 
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The  figure  in  Plate  V.  reprefents  the  fecond  layer 
of  tnufcles  on  the  anterior  part  of  the  whole  body.r 
Muscles  fttuatedm  the  Head  and  Neck. 

ay  Corrugator  fcipcrcilii. 
by  Temporalis, 
Cy  Maflcter. 
dy  Levator  anguli  oris* 
ey  Buccinator. 
fy  Orbicularis  oris. 

Oppofite  to  the  right  ila  nafi,  tnc  portion  of  tlua 

mufcle,  which  Albinus  names, 
Nafalis  labii  fuperioris. 
gy  Dcpreflbr  labii  inferioris. 
i>y  Sterno-cleido-maftoidseus,  which  is 

Seen  below,  arifmg  from  the  Acrniim  and  cla* 
vicle,  by  two  heads.  - 
iy  Sterno-hybidsBUs; 

On  the  outfide  of  it,  the 
Omo-hyoidaus. 

Further  out,  a  portion  of  the 
Hyo-thyroid2eus. 
It^  Levator  fcapute. 

TRtJNXi 

if,  Subclavius; 
iy  Peftol-alis  minor, 
r>  Serratus  magnus. 

dy  Reftus  abdominis,  divided  into  fevetal  flefliy  por- 
tions by  its  tendinous  interfc&ions; 
f,  Pyramidalis.    , 
/,  Obliquus  afceridens  interhUs. 
gy  Spermatic  cord,  with  the  origin  of  the  cremaftcr 

mufcle.   . 
,Vouiy.    *  P  SWPB- 
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Superior    Ex t r e m i t y. 

a^  Biceps  flexor  cubiti. 

by  Short  head  of  the  biceps. 

Beneath  the  upper  part  of  it,  a,  portion  of  the 

coracobrachiilis. 
Beneath  the  under  part,  a  portion  of  the  iM^chia- 
lis  internus. 
r,  Longliead  of  the  biceps. 

At  the  bending  of  the  ann,  the  tendon  of  the 
'     biceps,  and  the  place  where  the  tendinous  apo- 
neurofis  was*  cut  from  it,  are  fccn. 
</,  Extenfor  carpi  radialis  longior. 
Beneath  it  a  porciorr  of  the 
Extenfor  carpi  radialis  brevior. 
^,  Flexor  fublimis  perforatus. 
/,  Infertion  of  the  extenfor  carpi  ulnaris. 
g^  Extenfors  of  the  thumb. 
by  Opponens  poUicis.    •  * 

On  the  infide  of  it,  a  portion  of  the 
Flexor  pollicis  brevis. 
iy  Tendon  of  the  flexor  longus  pollicis  manus,  after 
pafllng  through  the  flexor  brevis  poHicis  manus. 
k^  Abdudor  minimi  digiti  manus, 
/,  'Flexor  parvus  minimi  digiti  manus.    - 
w,  Ligamentum  carpi  annulare. 

Inferior   Extremity. 

dy  lliacus  intermis. 

Between  a  and  by  pan  6f  thfe  pfoas  magntisf^ 
by  Peftinalis. 
Cy  Triceps  longus. 
d;  Gracilis. 
Cy  Redans  cruris  cut  olFiiearits  origpuu. 

I  ;^  Tendbn 


Voj..in./}.jzii? 
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fj  Tendon  of  the  reftus  cruris  cut  off  above  the  pa-. 

tella,  from  which  a  ftfong  tendon  is  fent  to  be. 

inftrted  into  a  tubercle  of  the.  tibia* 
g^  Portion  of  the  glutaeus  mediiis. 

On  the  infide  of  it^  part  of  the  glutSBus  minimus. 
hj  Vaftus  iritcrnus, 

/,  Vaftus  eiternus;  '    . 

ki  CrursBUs. 

/,  Infcrtion  of  the  biceps  flexor,  cruris  into  the  fibubi, 
w.  Tendons  ef  the  gracilis  and  femitcndinofus  in- 

ferted  into  the  tibia. 
»,  Solaeus. 
b^  Peronaeus  Imigus, 
p,  Extenfor  Ibngus  digitorum,  with,  tlie  peronicus 

tertius  ofn  the  outfidci  and  extenfor  poUicis 

proprius  on  the  ilifide. 
qy  Soteus, 

r.  Flexor  Iqngus  digitoruna. 
fy  Tendons  of  the  tibialis  pofticus  arid  fleior  loftgiis 

digitorum  pedis. 
/,  Flexqr  brcvisdigitprum  pedis; 

Tti?  figure  in  Plate  VI.  reprefents  the  third  layer 
pf  mufcles,  with  jTome  of  the  ligaments,  cartilages, 
arid  naked  bones  oh  the  anteridr  part  of  the  whole 
bocly. 

#rP!PP¥^P^t^ll^  (uperioris  alas que  qafi. 
b%  QrbiC^jlarkogis.  s^ter  inoft  of  the  mufcles,  which 
are  fixed  to  it>  and  afliO;  tp  form  it,  hfve  been 
;  /.ttJjfn^w^y*. 
ki  Buccinator.  ' 

:  .  4fe?M:T^  P?^rt-f?l:  ^^  pterygoidaeus  extarnus  i^ 
Z':\:  tfe0.*a|5i)g  b^Juflfith^  corppoi^  proccfe  of  the 
^,.   '  J^wer  jaw- 
Pa  4/,  Levator 
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d^  Levator  labii  inferioris. 
<^  Sterno-thyroidsBus. 

Immediacely  abovcj  and  fecmingly  die  concx* 
ouadon  of  it,  the 
Hyo-thyroid«u8. 
f^  Scalenus  anticus. 

Contiguous  to  it,  on  the  inlidr,  the 
Scalenus  medius. 

Above  it,  a  portion  of  the 
Trachelo-nnaftoidseus. 

Between  the  fcalenus  anticus,  and  ftcrno-thy- 
roideus,  and  hyo-thyroidasus,  the 
Redtus  capitis  anterius  major,  and 
IxJngus  colli. 

Trunk. 

If,  Third  row  of  external  intcrcoilal  mufclcs. 

The  reft  appear  in  the  fame  manner  between  tfe 
other  ribs. 
hy  Third  row  of  internal  intercoftal  mufdes. 
The  reft  appear  between  the  other  ribs. 
iT,  Tranfverfalis  abdominis. 
d.  The  place  from  which  the  inferior  partx>f  the 
tendon  of  the  tranfverfalis,  that  pofles  before 
the  re6bus  and  pyramidalis  mulcles,  is  cut  off. 
Between  thefe  portions  of  each  fide,  the  perito- 
naeum is  laid  bare,  and  the  'Kgamencs  of  the 
bladder,  which  were  formerly  thciimbffical  mr- 
tcrics  and  urachus. 
Between  this  portion  and  the  os  pubis,  the  iper« 
matic  cord  is  fcen  cut.  * 
r,  The'  inferior  edge  of  the  upper  parcofdiettndaii 
of  the  tranfverfalis,  which  paflcy  bchtiid  the 

ftduSi 
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rcdus,  and  immediately  adheres  to  the  peri- 
tonaeum.. 

/,  The  anterior  lamella  of  the  internal  oblique, 
which  joined  the  tendon  of  the  external  to  pafs 
over  the  redus. 
Between /and  gt  the  pofterior  lamella  of  the  in* 
ternal  oblique,  joining  with  the  tendon  of  the 
tranfverfalis,  to  pafs  behind  the  reftus. 

gy  The  place  at  the  linca  alba,  from  which  therteh* 
don  of  the  external  oblique,  and  anterior  la* 
mcUa  of  the  internal,  were  cut  oflFl 

At  ^/Umbilicus, 

SuPE-RIOI^EXTREMfTy^ 

«,  Subfcapularis^ 
ij  Teres  minor^ 
^,  Coraco-brachialis^ 

The  part  from  which  die  fhort  head  of  the  Weeps 
flexor  cubiti  was  cut  off  from  it,  is  fcen  At  its 
upper  end. 
iy  Brachialis  intemus. 

r>  Brachialis  externus,  or  third  head  of  the  triceps. 
/,  Extenlbr  carpi  radialis  lohgior,  and  with  it  the 
excenfbr  carpi  radialis  brevier. 
Both  thefe  are  diftindlly  feen  in  the  right  hand. 
Between  the  t^ndoq  of  the  brachialis  interous 

and  extenlbr  radialis^  thp 
Supinator  radii  brevis  is  feen. 
j;,  Flexor  longlis  pollicis  manus,  with  the  flefhy  por- 
tion of  it  which  ariies  kova  the  internal  coiw 
4yle  of  the  OS  liumeri. 

Pj  *,FlexQr 
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/>,  Flexor  prdfundos  pcrforansi  whichTplits  ihto  four 
tendons^  which  pafs  under  the  fi^rhentum 
.  carpi  annulare. 
•  i,  PronatOT-quadratus. 

iy  Adduftor  minimi  digiti  mahils, 
"  /,  doe  of  theluriibricales.     /  • 
—    The  other -diree  appear  in  the  finv?  fnannerj 
along  the  tendons  of  the  flexor  profundus. 
*  Behind  chefe^  the  internal  in teroffirf'  arc  fecn. 

J[nf£rior   Ext  ki'Mrry* 

fl,  Glutaeus  nnininnus. 

i,  lliacus  intcrnus.  i 

On  the  Infide  of  it,  between  f  and  c,  thepfoai'^\ 


magnus. 


\ 


Cy  Obturator  externus. 
dy  Adduftor  brevis  femoris. 
/.  Adduftor  magnus  femoris. 
'  ;/^^raclUs  i  which  is  •     -,  - 

Seen  infer ced  into  the  inficle  of  thc^iead  of  the 
tibia.  '      -   - 

..  g^  The  Ihqrt  head  of  the  biceps  flexor  cruris- 

i&,  Pcronaeus  lonaus. 
"  J,  Perona£us  brevis. 

.Between  tHefe  two  pcronsei  and  tibia,  tTie  tibialis 
pofticus  is.feen.     .   .  .  ,  .    ,  . 
k,  Tendon  of  'the  tibialis  pofticus,  covering  the 
tendon  of  the  flexor  longps  digitorum  pedis. 
^  /p  Extenf9jr  .brevis  digitorum  pedis. 


."r-j 
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The  figure  in  Plate  VII.  reprefents  a  back  vicW 
of  the  mufcles,  which  are  imracdjatejy  (ituaiM 
below  the  common  integuments, 

a^  Part  of  the  occipito-frontalis  mufcle,  wich  its 

aponeurofis. 
by  AttoUens  aurcm. 
Cy  Anterior  auris. 
d^  Retrahentes  auris. 

Trunk. 

Cy  Trapezius,  or  cucularis. 

by  Its  tendinous  edge  joiryng  with  its  fellow  in  the 

nape  of  the  neck,  which  is  called,  ligament  urn 

nucha  or  colli. 
Cy  The  fleftiy  belly,  of  the  latiffimus  dorfi, 
dy  The  tendon  of  the  latiffimus  dorfi,  which  arifes 

in  common  with  the  fcrratus  pofticus  Inferior* 
r,  Part  of  the  obliquus  cxtemus  abdohiinis/ 

,  Superior, Extremity^ 

ay  Deltoidcs. 

by  Infrafpinatus,  with  a  portion  of  the  teres  mijior 

and  major  below  it. 
^,  Triceps  extenforrubiti.  '  ^ 

Its  tendon  is  feen  inferted  into  the  head.pf  the 
ulna,  called  olecranon  -y  and,  on  the  infide  of  it,    . 
ih^anconaus.  - 

//,  Extenfor  carpi  radialis  longior,  covered  by  ^  pors^ 
tion  of  the  fupinator  radii  longus  ^^  ajnd,  under 
,  it,,  a  portion  of  the  €?,tenfor  carpi,  mdialis 
brevion  ..   ,     >    . 

P  4  >,  Exteiifor 
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/,  Extenlbr  digitorum    communis  m^us,   whicl^ 
fplits  into  four  tendons^  and  pa&  with  the  in* 
dicator,  under  the  ligamcntum  carpi  annulare 
externum,  at  the  extremities  of  the  metacarpal 
l^one,  under  ligaments  proper  to  themfclvcs; 
and  are  loft  in  a  broad  tendon,  which. covers 
the  back  of  the  four  fingers. 
Jy  Extenfor  oilis  metacarpi  pollicis  manus. 
g^  Extenfor  primi  intcmodii  poUicis  raanus. 
by  Extenfor  fecundi  internodii  pollicis  manus. 
i,  Extenfor  carpi  ulnarjs. 
i.  Part  of  the  flexor  carpi  ulnaris. 
.   Under  it,  part  of  the 
Flexor  profundus  perforatus.  .^ 

And  on  the  infide,  part  of  the 
Flexor  fublimis  perforatus,  which  are  more  ^- 
tindly  fcen  on  the  right  fore-arm.  Likcwife 
on  the  right  hand,  are  fcen  part  of  the  ab- 
du6tor  pollicis  manus,  abduftor  minimi  digrti 
manus,  and  the  aponeurofis  palmaris. 

Ihfchioii  Extremity. 

#,  Gluteus  inaxirnus. 

ty  Part  of  the  gluta^us  mediqs. 

€y  Part  of  the  tenlbr  vaginse  femoris. 

dy  Vaftus  exterr>us. 

ir.  The  long  head  of  the  biceps  flexor  cruris ; 

And  beneath  it, 
fy  Part  of  the  fliort  head. 
g^  Semitendinofus : 

And  beneath  it,  on  each  fide, 
A  portibn  of  the  feaumexnbranofus  is  ieeo. 
by  Gracilis.  '    ^ '  ^ 
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Ghap.  1 4.]  Mufcular  PUus.  « 17 

On  the  outfidc  of  it, 
A  portion  of  the  addudtor  magnus^  il^  ieco, 

i,  A  fmall  part  of  the  vaftus  internus. 

i:,  Gailrocnemius  extemuSi  or  gemellus  ^ 
And  within  its  outer  head, 
A  portion  of  the  plantaris. 

/,  Solasus  or  gaftrocnemius  internus. 

w,  Tendo  Achillis,  with  the  plantaris* 

^,  Peronseuv  iongus. 

Cj  Peronaeus  brevis  -,  between  it  and  the  tendot 
Achillis,  a  portion  of  the  flexor  Iongus  digito- 
run?  pedis. 

/,  Tendons  of  the  extenfor  Iongus  (Jigitorum  pedls^ 
with  the  peron^us  tertius,  p^Qing  under  the 
ligamentum  tar(i  annulare;  and  the  fle:ior 
brevis  digitorum  pedis  is  feen  beneath  them. 

^,  Abduftor  minimi  digiti  pedis ;  and  above  it 
the  tendon3  of  the  pcronseus  Iongus  and  bre- 
vis, palling  under  proper  ligaments  of  their 
own* 

« 

The  figure  in  Plate  VIII.  reprefents  the  fecond 
layer  of  the  mufcles  on  t)ie  back-part  of  the 
body. 

Head  ^d  Neck. 

4b  Tenjporalis  j  its  tendon  is  feen  paffipg  below  th? 

zygoma* 
^,  Maflcter. 

^,  Splenius  capitis  et  colli, 
fi  Portion  of  the  complexus. 
f>  Levator  fcapulac^  OJ^  the  mufculus  patientiai. 

Tavnk« 
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tf,  Rhomboidcs  major. 

hy  Rhomboidcs-  minor : 

And  inmitdiateljr  above  it,  the  upper  edge  of  the 
ferratus  pofticus  fuperior  is  feen. 

€y  The  ferratus  poftictis  fuperior  on  the  right  fide 

d^  Serratus  pofticus  inferior. 

ey  Part  of  the  fpinalis  dorfi. 

fy  Part  of  the  longiflimus  dorfi, 

gy  Part  of  the  facro  lumbalis. 

l^y  SerfSitus  magnus. 

iy  The  broad  tendon,  by  which  the  ktiflifnus  dorfi 
begins,  and  from  which  the  tendon  of  the  fcr- 
ratus  poftieus  inferior  is  inieparable. 

ky  Part  of  the  obiiquus  internus  afcendcnsabdoniiniSi 

/,  Thefphinfter  ani,  fixed  to  the  point  of  thcoscoc- 
cygis  J  at  the  fide  of  which  the  coccygW 
and  a  portion  of  the  levator  ani,  arc  fccn, 

'&C. 

Superior    Extrimity. 

Cy  Supra-fpinatus. 

b^  Infra-fpinatus, 

Cy  Teres  minor. 

^,  Teres  m^r.  .. 

ey  Triceps  extcnfor  cubiti. 

/,  Its  head  calkd  longus. 

gy  The  brevis :   And, 

by  A  fmall  portion  of  the  third  head,  named  ^ 

chialis  externus. 
/,  The  tendon  of  the  trjiceps,  inferted  into  the  ofc- 

cranon. 

it,  Part 
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c*,  P^rtof  the  brachialisirttemtis,     .':    '     i 
/,  Anconeus,' which  fecmsr  to  be  contimicdfrom  that 

part  of  the  brachialis  extemus'^imrncdlafdy 

•above  it. 
«i,  Extenfor  carpi  radialis  longior  j  and  behcith  jr, 
•:     .  :•  the brevior: -both  are fecn at thc^rift, infertcd 

irtto  the  metacarpal  tehesf  of  the  fiSre  21k1  mid- 

fly  Flexor-carpi  tifciaris.  :       : 

Oj  Part  of  the  fupinator  radii  brevis.      '        •       ' 
p^  Extenfor  Offis  rtietaCaipi  pcriRcis  mUritis. 
qy  Extenfor  primi  in^rnodii  poUicis  mdnus. 
"  rj^Extentbrfefc'^ndi'ihter^odii'pcMcHs  MaAti^      "^ 
y  Jy  Indicator,  iriferted  ihtothe  '■  root  of  the  firft  joint 
of  the  fore-finger. 
fy  One  of  the  three  external  interoffei  naahuk.  •  llie 
'  Other  two  ar^  diftinftly^  ftert'  Wit'Koue  tenters. 
"  Uy  Oneoft!itftehdbiisof-the'-ext€«i!bfsofth*  fingers 
cut;  and  the  fame  is  feen  in  each'oftfte  other 
three  fingersi  joining  with 'the  telidohs  and  apio- 
ttimiks  fef -the  Jntei^dflei  and  lurribrkaks,  <Jtad 
fprfead  upon  the'baclK  of  thclfti|^rs. 
.    N.  B.  On  the  right-  Kand^  part  of  the  fltxors  of 
the  fingers,  the 'ibduftorf pdHi^is 'lind*  minimi 
digiti/ait  fe6ni 

I  NFiRIOR     ExTRfiMltY. 

'  ^,  Glutaeu's  medius. 
^/Pyriformis. 

fy  The  two  rhufcles  called  geminiy  between  which 

the  teridon  and  flelhy  belly  of  the  obturator 

internus  pailes  oyer  the  tuberofity  of  the  os 

•     '  ifchium. 
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ifchium)  are  feen  within  die  pel\ns>  partly  co- 
vered by  the  coccygasus  aad  levator  ani. 
\  ^  Quadratus  femoris. 

^,  Vaftus  externus. 

f,fy  Parts  of  the  triceps  magnus. 

^,  Long  head  of  the  triceps  flexor  cruris^  and  be- 
neath it  part  of  the  (hort  head  is  fcen. 

b,  Semitendinofus,  and  beneath  itparcsof  thcfcroi- 
membranofus  are  feeo  on  eadi  lide  of  iu 

iy  Gracilis, 

*,  A  fnoall  portion  of  the  vaftus  inccmus. 

4  PopUtseus. 

m.  The  fleAiy  belly  of  the  plantaris;  and  itiloif 
flender  tcqdon  i$  f^en  pafling  over  chc  in&ic 
of  the  foUeus. 

n,  Solaeus. 

^,  The  place  where  the  tendon  of  the  gemellus »» 
cut  off^  but  the  flefh  of  the  folaeus  runs  bs^ 
down. 

pi  Tendo  AchiUis,  with  the  plantaris.. 

gi  Peropasus  longtf s,  pafllng  at  the  outer  ankle  to 
the  fole  of  the  foc^  ;  beneath  it^  the  peron^u^ 
brevis  to  the  root  of  the  metatarlal  bone  of  4c 
little  toe ;  and,  between  it  and  the  ten* 
Achillis,  a  portion  of  i^e  flexor  longusdigi- 
torum  pedis. 

f.  Tenons  of  the  extenfbr  k>ngus  digitonim  pe- 
dis, with  the  peronseus  terdus;  and  bcncai 
j  thefe,  the  extenfor  brevis  digitorum  pedis. 

I  jf,  Fl^^of  brcvi?  piinin^  digiti  pedis* 
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The  figure  in  Plate  IX.  rcprcfents  the  thiW  layer 
of  mufcles  on  the  pofterior  part  of  the  body,  with 
feme  of  the  ligaments  and  naked  bones. 

Muscles    on  the  He  ad   and  N  s  c  k. 

4iy  Part  of  the  buccinator. 

hy  Complexus. 

r,  Trachelo-maftoidflcus ;  on  the  outfide  of  it,  the 

tranfverfalis  colli. 
dy  Scalenus  medius. 
€9  Scalenus  pofticus. 

Trunk. 

m.  Spinalis  dorii ;  and  beneath  it,  the  multifidus 
fpins: 

bj  Longiffimus  dorfi,  which  lends  oflF  a  fkfhy  flip 
to  the  trachclo-maftoidacus. 

c,  Sacro^  lumbalis,  with  the  cervicalis  defcendens 
fent  off  from  it  along  the  fide  of  thc^neck,  and 
outfide  of  the  tranfverfalis  colli. 

di  Semifptnalis  dorfi. 
.    r,  Tranfverfalis  abdominis. 

N.  -B.  The  fpaces  between  the  fpinous  proceffcs 
of  the  vertebrae  have  mufcular  fafciculi  be- 
tween them,  particularly  thofc  of  .the  neck ; 
and  are  named  interjptnaks  colliy  dcrfi^  and. 
lumbcrum  j  but  thofe  of  the  back  fecm  to  be 
tendinous  and  ligamentous. 

Superior  Extremity. 
#,  Teres  major. 
•  by  Part  of  the  coraco-brachialis, 
Ci  Part  of  the  brachialis  intcrnus.^ 

d,Tht 


n 
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d^Tht  diini  head  ^f  the.  trijCfpa  ezfiepfor  cdxd, 

brcris  hgvc  hcw  cut  o^ 

e,  Extenfor  radialis  longior. 
y;  Extenfor  radialis  brevior* 

g,  Part  of  the  flexor  profbudw  pCT^i^apa   , 

b^  Supinator  radii  brevis. 

i^  Part  of  the  adduftoF  pc4licis  manusu 

k,  One  of  the  three  external  iijrt;^roj[rci  ^  the  other 
two  may  be  cafily  diftinguilhed  wuhput  let- 
ters* 

/,  Tcndqns  of  the  extenfors  of  the  fingers,  jojnir^ 
with  thofe  of  the  lumbricales  and  intcroffci, 
which  form  a  tendjnoufi  expanfiou  Qn.lhe{»ck 
of  the  four  fingers. 
jV*  B.  Ob  the  right  hand,  pm  of  the  fie^mirs  of 
the  fingers  and  thumb,  part  of  thie,  ad^yftor 
polHcis,  and  the  wh(de.of  (he  addft£kor  in^fl^ 
digiti>  arefeen; 

Inferior    ExtKem.ity; 

^,  Gluteus  minimus. 

^  Obturator  intemus;  its  flclhy  bel)y  ts&enwitliin 
ttec  pelvis. 

Beneath  b^  the  cendpn  6f  the  qbtutator  extecnus; 
rj  Scmimcmbranofas. 

^  The  fhort  head  of  the  biceps  flexor  cruris. 
^,  Triceps  magnus.. 
/y  Gracilis. 

In  the  ham,  the  ori^ns  of  the  two  heads  of  the 
gaftrocnenaius  exteriius  ftnd  plantaris,'  are  feeiL 
1^,  PoplitJBus*  ''  ^ 

bj  Tibialis  pofticus^ 
:*.     -  i,-Flcxor 
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i^  Flexor  longus  digitorum  pedis. 

k.  Flexor  poUicis  longus. 

Ij  Peron^us  longus>  running  down  to  be  inferted 

into  the  metatarfal  bone  of  the  litde  toe. 
Beneath  it,  die  perbnasus  brevis^  paffing  to  the 

fole  of  the  foot. 
ffOj  Extenfbr  brevis  digitorum  pedis. 
^/ Part  of  the  flexor  longus  digitorum  pedis. 
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Chap.    XV. 

THE  CELLULAR  SUBSTANCE.  FAT,   AND  INli 
GUMENTS  OF  THE  BODY. 

Ctural  Di/crifiim  rf  the  CtOular  Sul^mKei  its  Ujh^fa 
Fan  its  Ufis.^ne  Skin,—Tkt  Orgam  of  TW^.— 73r 
Efiierms^'^^auje  9f  tht  black  Colour  of  thi  Jffricam^'^^jnu 
"^FoHtana^s  micro/co^ic  Oh/h^atioms  om  the  EpuUfimij^^vKt» 
Sity  of  Perfpiratiom  from  tbe  human  BoJj* 

I 

IN  the  preceding  chapters  the  mulcles  of  the 
human  body  have  been  treated  of  as  {o  many 
diftinft  and  feparate  mafles  of  flefh.  It  is  neceflary, 
however,  to  remark,  that  when  the  anatomifl  coma 
to  trace  them  in  the  fubjeft,  he  finds  the  cafe  k 
otherwifc,  as  moft  neighbouring  mulclcs  arc  mixci 
and  confufed  together  by  an  intcrtcxturc  of  fibres^ 
as  well  as  by  being  involved  in  cellular  fubftaocc. 

The  cellular  fubibince  is  a  loofe  fibrous  web,  and 
when  filled  with  air  plainly  exhibits  its  real  ftruc- 
ture,  viz.  that  of  cells  communicating  with  each 
other. 

This  fubftance  forms  a  great  part  of  the  body, 
8s  it  is  interpofed  between  all  the  mufdes,  all  d)e 
fafciculi  of  mufcular  fibres,  and  it  ihould  feem  alicH 
that  it  involves  the  ultimate  xfibres,  of  which  thcfe 
fefciculi  are  compofed. 

All  the  blood- veffcls  alfo,  and  nerves,  are  in  thcif 
courfe  attached  to  the  neighbouring  parts  by  means 
of  this  fubftance.  Many  of  the  glands  too,  which  ait 
compofed  of  fmaller  maffes,  are  \mited  into  one 
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body  by  its  iatervendon.  It  leems  probable,  indeed^ 
that  the  membranes  which  inveft  the  contents  of 
the  abdomen  and  thorax,  and  other  membranes  in 
other  parts  of  the  body,  are  compgftd  of  the  cellu- 
lar fubftance  in  a  more  confolidated  ftatei  and  it 
is  therefore  very  properly  conlidered  as  an  uni* 
verfal  connefting  medium  in  every  part  of  the 
body. 

The  ufes  of  this  fubftance  are  fo  important^  that» 
in  all  probability,  animals  could  not  exift  without  it. 
By  uniting  the  fibres  of  the  mufdes  into  com; 
maiTes,  it  Secures  them  fiibm  becoming  entang 
with  each  other,  and  with  die  minute  blood  vepirls» 
lymphadcs,  and  nerves,  which  arc  overy  ^hapi  dif* 
tributed  among  them.  At  die  lame  dipe,  b6wever» 
that  it  conneAs  together  the  muiclea,  and  preferves 
them  in  their  reladve  fituadons,  it  b  fufficiendy  loofe 
to  give  full  play  to  all  their  modons»  It  lerves  alfa 
the  purpofe  of  a  foft  and  compreffihie  cufliion,  in-^ 
terpofed  amo^g  the  mulcles,  and,  being  always 
moift  and  flii^i7»  renders  their  motions  eafy,  and 
prevents  fridion. 

The  cellular  fubftance  alfoafFords  a  lodgment  to 
the  &t,  and,  tcsgedier  with  it,  fills  up  the  iriterftices 
between  mufdes,  and  adds  to  the  beauty,  even* 
nt&9  fmoothnefij  and  foftnefs  of  the  fuii&ce  of  the 
body. 

The  Abb2  Fontana,  on  e&tmining  the  &t  of  dif- 
ferent animals,  found  it  fluid  and  of  an  oily  nature. 
It- was  contained  in  very  minute  veficies  heaped  to- 
gether, and  thefe  velicles  were  covered  with  a  thin 
dfliie  of  twifting  fibres.    On  prefling  them,  he/ 
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plainly  perceived  the  fet  ooze  cot  on  all  fides,  brf 
on  the  moft  careful  examination  was  unable  tx)  dif- 
cover  any  dufts  going  to  or  from  them. 

The  ufes  of  the  fat,  as  has  been  already  intimated, 
arc  in  fome  refpefts  fimilar  to  thofe  of  the  ccllubr 
fubftance^  in  which  it  is  featcd.  It  involves  many 
of  the  vifcera,  particularly  thofe  of  the  abdomcDi 
and  here  it  increafes,  in  people  difpofed  to  obcfity, 
to  a  great  degree.  Within  the  cranium,  where  bjr 
its  prcflure  it  might  injure  the  brain,  none  of  rfas 
fubftance  is  found. 

The  cellular  fiibftance,  befides  fcrving  the  por- 
pofes  already  nnentioned,  by  being  placed  between 
the  fkin  and  the  mufcles,  is  always  confidertd  af 
one  of  the  integuments  of  the  body.  The  other  in- 
teguments are  the  flcin,  properly  fo  calkd,  and  the 
epidermis  or  fcarf  flcin. 

The  (kin  is  probably  nothing  more  than  a  a»- 
denfed  cellular  fubftance,  copioufly  fbmifhed  wlA 
blood-vcffcls,  lymphatics,  and  nerves,  as  it  within 
gradually  becon^es  lefs  denfe^  and  is  at  length  inftn- 
fibly  loft  in  the  loofe  cellular  fubftance.  It  covert 
the  whole  furface  of  the  body,  is  tough,  elaftic,  wkI 
forms,  by  means  of  the  nerves,  which  terminate  in 
itj.  partic\ilarly  at  the  extremities  of  the  fingcfij 
where,  it  is  moft  fenfible,  the  ol^gan  of  touch. 

The  cutis,  when  freed  from  the  epidermis,  whidi 
is  its  external  covering,  is  found  to  be  fumifted 
with  innumerable  papilte,  which  appear  like  mi- 
nute granulations  -,  their  ufe  is  probably  to  incrc*'* 
the  fcniibility  of  the  Ikin,  as  where  it  is  rfioft  fc»^ 

^  blc  they  arc  moft  remarkable. 
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*  The  (kin  or  cutis,  however,  nbt  only  covers  the 
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outer  parts  of  the  body,  but  becoming  thinner  and 
tnore  delicate  enters  and'  invefts  internally  the  va- 
^  rious  cavities  which  open  on  the  furface.  It  is 
•  every  where  pierced  with  blood- veffcls,  and  in  fome 
k  {)arts  with  the  dufts  of  fmall  glands,  which  are  ' 
^  feated  between  the  fkin  and  the  cellular  fubftance, 
!  find  which  pour  out  an  oily  febacious  matter  for  the 
»  lubrication  of  the  furface  of  the  body. 
:  The  epidermis  or  fcarf  fkin  every  where  covers 

the  true  fkin,  which  would  otherwife,  from  its  ex- 
J  trenie  fenfibility,  occaQon  much  tineafinefs  from  the 
>  iriftion  to  which  the  furface  of  the  body  is  ne- 
t  Ceffarily  expofed.  The  epidermis  confifts  of  a  mu- 
t  cous  fubftance,  which  is  placed  next  the  true  (kin, 
J  and  a  dry,  tranfparent,  and  in  fome  meafure  homy 
fubftance,  which  is  placed  outwards- 

The  mucous  fubftance,  called  corpus  mucofum, 
I        or  rete  Malpighianum,  is  of  a  confiftence  between 
that  of  a  folid  and  a  fluid,  and  is  often  treated  of 
.byanatomifts  sis  a  diftind  covering  of  the  body. 
The  colour  of  it  varies  according  to  the  com- 
plexion. In  fair  people  it  is  white,  in  brown  people  of 
,         a  dufky  hue,-  and  in  the  Africans  bkck.  In  the  latter 
[         it  is  alfb  more  folid,  and  can  be  fcparated  from  the 
teterrtal  part  of  the  epidermis,  which  cannot  be 
I         efFcfted  in  Europeans.     By  friftion,  the  epidermis 
gains  very  much  in  thicknefs,  as  may  be  obferved 
in  the  hands  of  labouring  people^  and  in  the  fbles 
of  the  feet  of  thofe  much  accuftomed  to  walking. 
Corns,  which  are  nothing  but  hardened  epidermb, 

Q^a  are 
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ftoe  the  eonfequence  of  the  preflure  and  friAiooof 
tight  Ihocs  ♦. 

The  epidermis  is  not  fiirniihed  cither  wirii 
nerves  or  blood-veffcls,  and  is  therefore  infenfiblc. 
The  Abbe  Fontana  fubmitted  foipe  very  mim 
portions  of  the  epidermis,  taken  from  his  hand,  to 
examination  byamicrofcope  which  magnified  ftvcfi 
hundred  diameters.  The  epidermis  appeared  to 
be  compofed  of  winding  cylinder^,  which  approached 
each  other,  and  retreated  with  much  regularity 
and  order ;  fmall  globules  alfo  were  in  parts  per- 
ceptible. When  the  portion  of  epidermis  was  co- 
vered with  water,  it  appeared  more  tranfparcnt, 
and  the  cylinders  and  globules  were  fccn  more  dif- 
tinftly.  He  could  obferve  nothing,  however,  like 
perforations  or  holes  in  the  epidermis,  and  there- 
fore doubts  of  their  exiftence#  It  fcems  probable, 
the  Abbe  Fontana  adds,  that  the  lymphadcs,  whidi 
le  Pere  deila  Torre  pretends  to  have  teen  in  tbe 
epidermis,  were  nothing  but  thefe  winding  cy- 
linders. 

We  muft  believe,  however,  from  the  quantity  of 
fenfible  and  infenfible  perfpiration,  efpecially  in 
warm  climates,  where,  according  to  Sandtorius,  who 
made  his  experiments  in  Italy,  it  amounts  to  five 
eighths  of  the  food  taken  in,  that  there  are  perforatioas 
in  the  epidermis  for  the  paflage  of  exhalantaiteries» 
It  may  be  alio  added,  that  the  s^pcarances  exhibited 

•  The  cure  of  thefe  difagreeablc  cxcrefccnccs  is  very  obvi- 
ous from  this  account ;  nothing  is  indeed  required  for  this 
purpofc,  but  to  cover  them  with  any  {oh  adhefivc  fobftance. 
which  will  proteft  them  fromfriftion,  when  they  will  natorallf 
decay,  and  in  time  come  off  fpontaneoufly. 

by 
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by  objefbs  fubmictcd  to  microfcopes  of  high  powers 
are  never  much  to  be  depended  on,  and  have  given 
rife  to  numerous  deqepcions. 

Immediately  below  the  (kin  of  quadrupeds,  ex* 
cept  thofe  of  the  porcine  (fwine)  fpedes*  lies  a  thin 
flefhy  expanfion,  called  panniculus  camofus,  cover- 
ing the  greater  part  of  the  body,  and  furrounding 
the  other  mufdes.  In  man  there  is  nothing  fimi- 
lar  to  this,  excepting  the'  platifma  myoides,  or  the 
occipito-frontalis  mufcle.  The  ufe  of  this  thin 
mufcular  expanlion  is  to  wrinkle  an(j|  move  the  Ada 
in  order  to  fliake  off  dull,  inle&s,  &a 


0^3  Chap* 


[    ajo  q  [Book  IX, 

Chap.    XVI. 

THE  HAIR  AND  THE   NAILS. 

OfhtiiHs  »/  Jjtatomi/s  wrfh  rij^i^  to  tbi  Nafmre  rf  the  Emr^ 
Ndils,  ^c^^Hair  oFi^inatis/rpm  the  Cellidar  Sub^amu^^FtB* 
tMta^i  Obftr^ations  on  Hair.^-^Tbt  Nof/j* — The  Honu^  H^efu 
ATid  Clatvs  of  Animals, 

MANY  ahatomifts  chufe  to  call  the  hair, 
the  njrHs,  and  the  horns  of  animals^  prodac- 
tions  of  the  epidermis ;  by  Malpighi  and  Rufh 
the  hairs  were  fuppofed  to  be  continuations  from 
the  nerves  J  neither  of  which  opinions,  however, 
feems  to  be  fufficiently  proved,  though  the  fonncr 
appears  by  far  the  more  probable.  The  hairs  are 
diftributed  niore  or  lefs  remarkably  over  the  whole 
body  except  on  the  palms  of  the  hands  and  foles  of 
the  feet.  They  rife  each  of  them  from  a  feparatc 
•  oval  bulb  placed  beneath  the  true  Ikioj  and  lodged 
in  the  cellular  fubftance,  and  they  are  furrounderf 
by  a  (heath,  which  rifes  with  them  as  &r  as  the  fur- 
fece  of  the  body. 

The  Abbe  Fontana  took  a  hair,  which  he  cleanfcd 
by  repeatedly  drawing  it  through  a  piece  of  fine 
linen  dipt  in  water  j  he  examined  it  with  Icnfcs 
of  different  powers,  from  fome  which  magnified 
400,  to  others  which  magnified  700  diameters,  and 
the  appearances,  he  informs  us,  were  uniformly  the 
fame.  The  hair  in  general  appeared  of  the  colour 
of  tranlparent  amber  i  towards  the  center,  however^ 
of  it,  th«re  was  an  obfcurc  line,  which  was  broken 

ar 
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at  one  pare  It  appeared  woven,  and  formed  by, 
or  covered  with,  twilling  cylinders,  interrupted  at 
places,  and  winding  like  the  inteftines  of  animals. 
Among  the  winding  cylinders  there  appeared  minute 
globuks  of  the  fame  diameter  with  the  cylinders. 
Having  crufhed  the  hair  at  one  of  its  extremities, 
it  appeared  as  if  formed  of  many  irregular  poliihed 
trunks,  which  were  compofcd  of  bundles  of  very 
fmall  winding  cylinders,  with  fome  globules  fcattered 
on  the  cylinders  themfelves. 

The  nails  are  horny  infenfible  bodies,  formed  of 
thin  lamellae  or  plates.  They  rife  by  a  fquare  origin 
from  the  laft  joints  of  the  fingers  and  toes,  and  arc 
hard  where  they  are  expofed  to  the  air,  but  foft 
near  their  roots.  The  ftruflure  of  the  horns,  hoofs, 
and  claws  of  animals  is  very  (imilar  to  that  of  our 
nails.  A  minute  portion  of  a  finger  nail  being  fub- 
niitted  to  the  microfcope,  exhibited  the  fame  ap- 
pearances as  the  epidermis.  Both  the  nails  and 
hair  grow  entirely  from  below,  by  a  regular  pro- 
pulfion  from  their  roots. 
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Chap.    XVII. 
the  cavity  of  the  abdomen. 


Cont^j  •/  thi  ^bitmm^'^Pwrts  imvdvtd  ty  tbi  iV 

Part4  not  involv$Jfy  if,^^Thi  Pnit9nam,'^fit  Mejnurj^^^ 
Tht  Omeutum.^^Diff€re9iin  Utm  mU  !(uadrufeds* 

THIS  cavity  is  bounded  above  by  the  dta« 
phragm»  below  by  the  bones  of  the  pclvu, 
at  the  fides  by  various  mufcks  and  the  fkife  ribs, 
before  by  the  mufdes  of  the  abdomen^  and  behind 
by  the  vertebra:  of  the  loins  and  the  os  fkcrum. 
Stridly  (peeing,  however,  no  part  is  iaid  to  be 
within  the  cavity  of  the  abdomen,  which  is  not  in- 
volved in  a  thin  cranfpartnt  membrane^  called  die 
peritopeum,  of  which  a  nnore  pardcular  defcripdoa 
will  prefendy  be  fubnutted  to  the  reader. 

The  parrs  which  are  involved  in  the  peritoneum 
are,  the  mefentery,  the  omentum  or  caul,  the  fto- 
mach,  the  fmall  and  great  inteftines,  the  la&eal  vef* 
fels,  the  pancreas,  the  fpleen,  and  the  liver. 

The  organs  which  are  not  involved  in  the  peri- 
toneum, but  are  placed  behind  it,  are  the  kidneys, 
the  ureters,  the  receptacle  of  the  chyle,  the  aorta, 
and  the  vena  cava. 

The  upper  part  of  the  bladder  is  involved  in  the 
peritoneum,  the  lower  is  placed  withput  it. 

The  peritoneum  is  to  be  confidered  as  a  niem<- 
brane  forming  an  internal  covering  to  the  parts 
nrhich  are  the  boundaries  of  the  abdomen,  and  at 
the  fame  ume  doubled  back  on  itfelf  in  fuch  a  man« 

ner 
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ner  as  to  form  the  external  covering  of  the  abdomi-r 
nal  vifcera. 

The  internal  furfacc  of  the  pcritoneuni  is  fmooth, 
its  external  is  rough,  and  united  to  the  neighbour- 
ing mufcles  and  veffels  by  the  intervention  of  cellu- 
lar fubftance.  The  cellular  texture  attached  to  the 
peritoneum,  and  in  fome.  parts  included  within  its 
duplicatures,  is  generally  replete  with  fiit.  The 
peritoneum  is  a  denfe  but  thin  and  tranfparent  mem* 
brane,  the  ufes  of  which  are  to  retain  the  vifcera  of 
the  abdomen  in  their  places,  and  by  the  fmooth  and 
moift  covering  which  it  affords  them,  to  prevent 
adhefions  of  one  vifcus  to  another ;  for  which  it  is 
excellently  adapted  by  being  continuallf  moillened 
by  a  ferous  fluid,  which  proceeds  from  very  minute 
pores.  The  exiftence  of  thefe  is  proved  by  fpread- 
ing  a  portion  of  the  peritoneum  on  the  end  of  the 
finger,  and  then  pulling  it  very  tight  on  all  fides  % 
by  thefe  means  the  pores  are  dilated,  and  fmaU 
drops  may  be  obfcrved  to  proceed  from  them* 

The  tnefcntery  is  a  produftion  of  the  peritoheum9 
and  is  formed  by  two  laminas  of  this  jtiembrane  in«- 
cluding  cellular  fubftance.  It  rifcs  by  a  narrovsr 
origin  from  the  firft:,  fecond,  and  third  vertebrae  of 
the  loins  5  it  advances  forwaals,  and  gradually  be* 
fomes  broader  in  its  progrcfs.  The  mefentery  at 
length  embraces  the  inteftiines  with  its  laminse,  and 
thus  affords  them  the  coat  which  they  derive /rom 
the  peritoneum.  That  part  of  the  mefentery  which 
involves  the  fmall  ifiteft:ines  is  more  properly  called 
the  mefentery;  that  which  involves  the  large  is 
diftinguifhed  by  the  term  mefbcolon.  The  me-* 
fpntery  includes  between  its  laminae  all  the  blood- 
4  veflcls 
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veflck  and  nerves  which  belong  ta  the  imcftmes, 
and  alfo  the  numerous  ladteal  veflels  which  take  op 
the  chyle  from  the  inteftines,  and  the  glands  with 
which  thefe  veflels  are  conneded. 

The  omentum  or  caul  is  alfo  formed  by  adubii* 
cature  of  the  peritoneum^  including  thin  cellular 
fubftance,  with  a  large  quantity  of  iat.  It  b  Tari- 
oufly  attached  to  feveral  of  the  vilcera  of  the  abdo- 
men. The  fuperior  portion  of  it  is  divided  imo 
two  borders,  one  bf  which  is  fixed  to  the  arch  d 
the  colon,  the  other  alpng  die  great  curvature  of 
the  ftomach.  Below  this  it  is  loo(e,  ^nd  is 
placed  between  the  intcftines  and  the  anterior 
part  of  the  peritoneum.  Befides  this  large  mem- 
branous covcrii^,  called  the  great  omentum, 
there  is  a  much  fmaljer  membrane  of  the.  £uiie 
kind,  which  is  called  the  little  omentum.  It  is  fixed 
by  its  whole  circumference  partly  tp  the  fmall  curva- 
ture of  the  flomach,  and  partly  to  the  concave  fide  of 
the  liveo  The  litde  omentum  is  thinner  and  more 
tranfparent  than  the  other,  but  its  ftrudture  is  much 
the  fame,  and  it  is  in  fafl  a  continuation  of  the  larger. 

The  omentum  in  man  defcends  as  far  as  the 
navel,  in  quadrupeds  much  lower.  The  reaiba 
for  this  difference  feems  to  be,  that  from  the  ercft 
pofhire  of  man,  the  oily  matter  exuded  from  the 
omentum  mufl  fall  downwards  to  lubricate  the  in- 
teftines,  which  are  placed  ftill  lower  j  this,  however, 
cannot  happen  in  quadrupeds,  which  have  the  trunk 
of  the  body  in  a  horizontal  fuuation,  and  therefore 
fland  in  need  of  a  longer  omentum;  but  as  the  ufe 
of  the  omentum  is  not  fully  afcertauied^  this  ex[^- 
nation  is  perhaps,  imaginary. 

C  H  AP. 
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•THE    STOMACH    A^D    INTESTINES, 

Gineral  Defcription   of  the   Stomacb.^^Lsngth  of  the   Inteftims 
in  Man  and  ^adrupedt.-^Small  and  large  Intffiines. 

TH  E  ftomach  is  a  membranous  fack,  in  form, 
when  diftended,  not  unlike  a  bag-pipe.  The 
ftomach  is  much  larger  tovrards  the  left  fide  than 
towards  the  right*  It  has  two  orifices,  one  towards 
its  left  fide,  where  the  oefophagus  or  gullet  enters, 
called  the  cardia,  and  another  towards  the  right, 
called  the  pylorus,  which  opens  into  the  inteftines. 
The  great  extremity  of  the  ftomach  is  in  tlie  left 
hypochondrium,  and  for  the  mod  part  immediatclj^ 
tinder  the  diaphragm,  yet  the  left  orifice  is  not  in 
the  left  hypochondFium,  but  almoft  oppofite  to,  and 
very  near  the  middle  of  the  bodies  of  the  loweft 
vertebrae  of  the  back.  The  fmall  extremity  of  the 
ftomach  does  not  reach  to  the  right  hypochondrium; 
it  bends  obliquely  backward  towards  the  other  ori- 
fice; fo  that  the  pylorus  lies  about  two  fingers 
breadth  from  the  body  of  the  vertebrae,  immedi^ately 
tinder  the  fmall  portion  of  the  liver,  and  confe- 
^ucntly  lower  down  and  more  forward  than  the  car- 
dia.  The  ftomach  is  conne6ted  to  the  omentum, 
and  by  means  of  the  omentum,  on  the  left  fide,  to 
die  fplcem 

The 


a^S  Tie  Stmack  [Book  IX. 

The  orifices  of  the  flomach  are  placed  in  the  re- 
ceflfes  on  each  fide  of  the  fptne,  and  the  body  dt 
the  ftomach  is  cloiely  applied  to  it,  and  in  a  maimer 
bent  round  it.  The  orifices  of  the  ftomach  are 
therefore  placed  further  back  than  its  body,  and 
are  alfo  a  litde  higher,  though  when  the  ftomacb 
is  diftended  its  body  rifes  nearly  to  a  level  whh 
its  orifices.  The  body  of  the  ftomach  is  diftinguifhol 
into  two  curvatures  ;  the  concave  furface,  which  b 
applied  round  the  fpine,  is  called  the  teller  cunra* 
ture,  and  that  which  is  convex,  and  is  turned  for- 
wards and  downwards,  the  greater. 

The  ftonn-ach  is  formed  of  four  coats.  The  ex- 
ternal of  thefe .  is  the  peritoneal  j  the  fecond  is 
mufcular,  and  is  formed  of  fibres,  which  are  con- 
tinued from  the  mufcular  coat  of  the  oefbphagus, 
Thefc  fibres  are  y^rioufly  diftributed  in  the  fto- 
jnach.  Some  run  diredtly  in  the  leflcr  curvature 
to  the  right  orifice  of  the  ftomach,  and  are  loft  in 
the  duodenum  j  fome  run  down  each  fide  of  the  fto- 
mach, and  are  loft  in  its  wideft  part  towards  the  left 
fide.  Befides  thefe  longitudinal  fibres,  the  ftromach 
is  furroundcd  by  Ibme  which  are  circular,  and 
which  are  alfo  continued  from  the  ceibphagus. 
There  is  a  large  aflemblage  of  mufcular  fibres  round 
the  right  orifice  of  the  ftomach,  which  conftringes 
ic  fo  as  to  prevent  the  food  from  paffing  into  the 
intefiines  before  it  has  undergone  the  proper  change 
in  the  ftomach. 

If  we  examine  the  inner  furface  of  the  jfinall  ex- 
treniity  of  the  ftomach,  where  it  ends  in  the  in- 
tcftnial  canal,  we  obfervc  a  circular  border  with  a 
roundi(h  hole  in  the  middkj  which  is  the  pylonis» 

as 
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as  before  mentioned.  The  border  is  formedj  partly 

by  a  fold  of  the  internal  coats  of  the  (lonnach,  and 

partly  by  a  coUeftion  of  flefhy  fibres  fixed  in  the 

duplicature  of  the  tunica  celluloia,  and  diftinguiflied 

from  the  other  mufcular  fibres  by  a  thin  whitifh 

circle,  which  appears  even  through  the  external 

'  coat,  round  the  union  of  the  ftomach  and  inteftines. 

The  third  coat  of  the  ftomach,  which  conftitutcs 

the  greateft  part  of  its  fubftance,  is  the  cellular,  or,  as 

it  has  been  improperly  called,  nervous  coat.   This  is 

thick,  firm,  of  a  white  colour,  and  is  connefted  to  the 

mufcular  by  the  intervention  of  cellular  fubftance, 

as  it  is  alfo  to  the  coat  within. 

The  fourth  and  inner  coat  of  the  ftomach  is 
the  villous.  This  and  the  cellular  coat,  being  more 
extenfivc  than  tre  reft,  are  formed  into  numerous 
wrinkles  or  folds.  It  obtains  the  name  of  villous 
from  the  unevcnnefs  of  its  furface,  as  being  fimilar 
to  wool  or  hair  when  immerfed  in  water.  It  is 
fingle,  of  a  red  colour,  and  is  copioufly  fupplied 
with  mucus. 

The  "ftomach  is  furniflied  with  lafteals,  which 
rife  moft  numeroufly  from  it  near  its  right  orifice ; 
it  \i  alfo  very  copioufly  furniflied  with  nerves  and 
blood-veflels,  which  will  be  more  fully  defcribed 
hereafter.  With  refpeft  to  the  ufes  of  the  ftomach, 
they  will  be  fpoken  of  at  large  in  the  chapter  on 
digeftion. 

By  the  inteftines  is  meant  the  whole  of  the  ali- 
mentary tube  beyond  the  ftomach.     They  are  di- 
vided into  the  fmall  and  the  large.     The  fmall  in- 
teftines are  fub-divided  into  the  duodenum,  the  je^- 
junum,  and  the  ileum.  The  large  into  the  ccecum, 

•  the 
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the  colon,  and  the  rcftum.  All  the  intefldncs,  a- 
cept  fome  part  of  the  duodenum,  are  furrouixy 
and  fupported  by  the  racfentery.  In  man,  ik 
length  of  the  inteftines  is  about  fix  times  that  of 
the  body,  but  in  graminivorous  quadrupeds  their 
length,  in  proportion  to  that  of  the  body,  is  niudi 
greater. 

The  fmall  inteftines  fill  the  middle  and  fore-pans 
of  the  abdomen,  while  the  large  fill  the  upper  and 
under  parts,  as  well  as  the  fides  of  that  cavity. 

The  fmall  inteftines,  in  general,  are  of  a  cylindri- 
cal form.     They  are  compofed  of  four  coats,  the 
ftrufture  of  which  is  fimilar,  and  which  bear  the 
fame  names  as  thofc  of  the  ftomach*     The  muf- 
cular  coat,    however,  differs  from   that  of  ibe 
ftomach  in  one  refpeft,  that  the  longitudinal  fibres 
arc  here  lefs  numerous,  and  the  circular  fibres  mm 
more  fo-     The  lame  fibre,    however,  does  not 
wholly  furround  the  inteftine,  as  the  circle  is  made 
of  feveral  imperfe6t  afches.     The  cellular  coatij 
exaclly  the  fame  as  tliat  of  tlie  ftomach.     Ic  affords 
ftrcngth  to  the  inteftines,  and  condu6ts  nerves  sud 
^  blood- veflels  to  and  from  the  villous  coat.    The 
villous  coat  of  the  fmall  inteftines  is  excecdii^y 
extenfive,  and  forms,  together  with  the  cellular  fub- 
ftance,  which  conneds  it  to  the  cellular  coat,  a  vaft 
number  of  red  femilunar  folds  or  wrinkles,  whicff 
ferve  to  increafe  remarkably  the  internal  furfacc  of 
the  inteftine?^  and  of  courfe  to  expofe  the  cfiyfc 
more  fully  to  the  mouths  of  the  lafteals. 

The  fmall  inteftines  aflift  in  the  preparation  of 
the  chyle,  and  propel  their  contents  towards  the 
great  inteftines. 
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With  refpcft  to  the  fmall  inteftines  in  particular^ 
Icvcral  circumftanccs  are  to  be  noticed.     The  duo- 
dcnum>  fo  named  from  its  being  about,  twelve  inches 
in  length,  differs  from  the  ot4iers  in  not  being  en- 
tirely furrounded  by  the  peritoneal  coat;   its  muf- 
cular  coat,  however,  is  ftrongcr '  than  that  of  the 
other  fmall  inteftines,  and-   its  colour  is    more 
florid.        The    duodenum,    beginning   from    the 
ilomach,  firft   runs  towards  the  right  fide  down-^ 
wards,  and  rather  backwards ;  then  in  bends  towards 
the  right  kidney,  to  which  it  is  (lightly  connedled, 
and  thence  paffes  before  the  renal  artery  and  vein, 
afcending  gradually  from  right  to  left,  till  it  gets 
be^rc  the  aorta  and  laft  vertebra  of  the  back.     It 
continues  its  courfe  obliquely  forwards  by  a  gentle 
'  turn,  and  then  terminates  in  thfe  jejunum.  Through 
this  whole  courfe  the  /duodenum  is  firmly  bound 
down  and  concealed  by  the  folds  of  the  peritoneum. 
The,  duodenum  is  more  lax,  and  of  larger  diame- 
ter than  the  other  fmall  inteftines,  and  by  its  va- 
rious rifings  and  fallings  is  calculated  to  retain  the 
food  for  fome  time  before  it  paffes   into  the  je- 
junum.    About  fix  inches   from  the  pylorus,  the 
common  bile  duft  and  the  duft  from  the  pancreas 
pour  their  contents  together  into  the  duodenum. 
.  Of  the  remaining  part  of  the  fmall  inteftines, 
two  fifdis  arc  called  the  jejunum,  and  the  remain- 
ing three    fifths   the   ileum,    as   no    other  cha- 
rafteriftic  mark  of  dlftindion  can  be  pointed  out. 
The  upper  part  of  the  fmall  inteftines  is  indeed 
uniformly  more  red,  rather  wider,  and  its  ftrufture 
more  robuft  than  the  lower  part,  but  the  gradation 
is  regular.  Nothing  particular  i^  to  be  bbfcrved  at 
Wy  p^rt,  which  can  furnifh  a  juft  foundifton  for  a 
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change  of  nime>  and  Haller  accordingly  con^ire- 
hended  the  jejunum  and  ileum  under  the  term  of 
inteftinum  tenue,  or  fmall  inteftine.  The  jcjuihiis 
is  placed  more  about  the  umbilical  region,  die  Ueom 
more  in  die  hyp<^;aftric.  The  fmall  inteftines  at 
length  terminate  in  the  large,  in  the  hollow  of  the 
right  iliac  bone,  below  the  kidney.  At  this  pkce 
there  is  a  valve,  which  exhibits  the  appearance  of  a 
flit  or  chink.  This  valve  permits  a  free  paffige 
from  the  fmall  inteftines  to  the  large^  but  preveno 
any  thing  from  paflTing  readily  from  the  large  to  tbc 
fmalL 

The  ccecum,  which  forms  the  beginning  of  Ac 
great  inteftines,  may  be  confidered  as  a  produfiion 
of  the  colon  expanded  into  a  bag.    It  is  about  four 
fingers  in  length  and  as  many  in  breadth.     It  b 
iituated  in  the  right  iliac  region,  and  refls  on  d^e 
broad  part  of  the  os  ileum.     At  its  lower  part  it 
has  a  long  fmall  procefs,  called  the  vermiform^  from 
its  refen^blance  to  an  earth  worm.    This  proccfs 
is  plentifully  fiirniflied  with  mucus,  which  it  pours 
into  the  ccecum.     In  apes  this  procels  is  wanting^ 
but  its  place  is  fupplied  by  a  gland,  which  affbids 
a  flippcry  fluid.     In  fome  birds  we  meet  with  two 
vermiform  proceflcs,  and  in  fome  kinds  of  fifh  they 
are  very  numerous.     Under  the  nameof  colon  is 
comprehended  almoft  the  whole  of  the  great  in- 
teftines.  The  colon  begins  in  the  right  iliac  region^ 
and  is  attached  to  the  kidney,  thence  it  rifes  as  high 
as  the  ftomach  and  the  liver.     It  now  runs  tranA 
Verfely  before  the  ftomach  to  the  left  fide,  is  coa- 
nefted  to  the  fpleen  and  kidney,  defcends  into  the 
left  iliac  region,  and  being  there  bent  in*  the  form 

of 
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of  the  letter  Sy  it  terminates  in  the  reftum.  Thd 
ftrudture  of  the  colon  is  fimilar  to  that  of  the  fmall 
inteftines.  It  is  rnpre  robutt^  however,  and  the 
longitudinal  mufcular  fibres,  which  are  mixed  with 
ligamentous  fubflance,  are  united  into  three  fafci- 
cUli,  gi*ing  it  in  fome  rtieafure  a  triangular  fomu 
Thefe  fafciculi  are  continued  from  the  vermiform 
J)r6cefs  of  the  caecum  to  the  end  of  the  cblori^  where 
tkey  gradually  difappear. 

Along  the  whole  courfc  of,  the  colon  are  a  num- 
fcpcr'of  "Cdls  formed  by  circuit-  coiitraftioifs  of 
the  iiiteftinci  iwrhich  fervc^  «tard  theipiragrefs  of 
its  contents*  i    .'. 

.  Along  the  tvhde  courfe  of  the  Targe  iaceftinei 
3ve  alfo  obferve  fnudl  proje£bions  of  a  fiitiubftancei 
contsiined  in  elongations  of  their  corhinon'  coat  J 
They  feem  in  their  nature  very  anabgous  to  the 
omenttim  j  and  are  confidered^by  Winflow  asa^cind 
of  fmall  omenta ;  they  are  accordingly!  ^amed  apJ 
pendices  epiploicac.  *        . » i /  ' /* 

The  re&um,  which  is  a  continuation  of  ;thecbl6n, 
begins  at  the  loweft  vertebrs  of  the  loins«  It  ii 
bent  like  the  internal  fur&ce  of  the  os  facpom  and 
OS  caccygis,  to  which  it  is  clolely  applied j  and  termi-* 
nates  at, the  anus.  The  blood-veflels  of  the  in- 
teftines will  be  mentioned  in  treating  of  the  general 
^  diftribution  of  the  arteries  and  veins^   /  '^ 
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THE  LIVER,  SPLEEN,   AND  PAKCRBAS. 

Naturt  and  Situation  of  the  Li^ver.-^Ti^  Gall  Btmddtr^^fidf 
Duas^^-^aufo  of  Jaandici.—The  Sfken^^Thi  Pancrwat.^^ 
Its  UJes. 

TH  E  livec  is  an  orgsm  of  .a  .deep  it:d  coIcxbv 
and  is  by'hr  the^cgefi:  ':^aDd  in  die  bodf: 
It  is  ficuatcd  immediately  beneath  the  daphragm. 
lo  iriaap  the  liirer  is  divided  inco  two  portioiis  or 
lobes,  the  Uiigor  of  which  is  placed  in  the  lig^ 
hypochoodmini)  and  the  fmaller  extends  acrofi  the 
epigaftric  region>  towards  the  jeft.  The  liver  is 
divided  on  the  u{^per  and  anterior  fide  into  ks  lobes 
by  a  broad  ligament,  on  the  lower  and  pQftcrior»  by 
a  deep  fifllire. 

The  vpptr  fur&ce  of  the  liver  is  convex  and 
SxiQOtii,  correfpondii^  to  the  concavity  of  the  dia* 
phragm.  Thelower  fur&ce  is  concave  andtmevcn. 
The  antmor  and  inferior  margin  of  die  liver  is  acutse^ 
tha  poAerioraod  iupnior  obtufe. .  At  the  back  part 
of  the  livtr#  near  the  great  iiffure,  there  is  a  triaago- 
lar  eminence,  called  die  fauA  lobe  of  the  liver,  or 
lobulus  Spigelii.  The  ligaments  of  the  liver,  by 
which  it  is  fnpportcd,  arc  four.  Of  dicfc,  one  fup- 
ports  either  lobe,  and  the  broad  ligament  fupports  the 
middle.  Thefe  ligaments  are  produdions  of  the  peri- 
toneum, and  are  very  different  Trom  what  arc  called 
by  the  ftme  name  in  other  parts  of  the  body.    They 

pa& 
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paisfixHnthe'di^hnigmtotheliver«  Befidcsdwicb 
there  \%  the  round  ligameni^  which  is  formed  by  the 
coocKtbn  of  a  coiilidertfble  blood^veflU^  of  the 
fcecus>  and  pafles  from  die  liver  to  the  naveL  Be* 
fides  being  fuppor^  bjr  theft  ligaments^  the  great 
lobe  pf  the  liver  is  likewile  conne&ed  bjr  immediate 
adhelioh^  without  the  intervention  of  the  peritoneum, 
to  the  tendinous  part  of  the  diaphragm.  Round 
this  aK^cfion  we  may  ofaferve  die  peritoneum  folded 
backyto  form  the  external  covering  of  the  liver. 

The  blood- vei^  of  the  liver>  which  will;  be  here- 
tfter  pardcularlf  confidered»  all  enter  on  the  con<* 
cave  fide  of  this.<»gan,  where  it  is  divided  into  its 
two  lobes.  The  ufes  of  the  liver  are  to  iccrete  and 
prepare  the  bile. 

The  gall-bladder  is  a  membranous  receptacle^ 
iufficiently  larg^  to  contain  two  or  three  ounces  of 
bile.  It  is  xronneded  to  the  inferior  part  of  the 
right  lobe  of  the  Hver  in  fuch  a  manner,  that  its 
fundus  or  bottom  is  placed  forwards,  and  is  in  con- 
tadk  with  the  colon,  and  its  neck  is  placed  back* 
wards.  In  fhape  the  gall-bladder  much  relem* 
blek  a  pear.  It  confifts  of  four  coats,  which  are 
very  fimHar  to  thofe  of  the  inteftines,  and  are  called 
by  the  fame  names.  The  gall-bladder,  as  well  as  the 
Hver,  and  the  other  vifcera  of  the  abdomen  are 
covered  by  the  peritoneum. 

Thedu&s,  which  fcrvc  to  convey  the  Wle  formed 
in  the  liver  to  the  duodenum,  deferve  pardcular 
attention.  The  dudt  which  comes  ftom  the  fiver, 
and  is  called  the  hepatic  dud,  is  coAftituted  of  % 
number  of  fmallcr  dudsj  which  rifo  through  the 
whole  fubftance  of  the  liver.  TIus  duft  b  joined 
R  3  to 
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fD  another  cbming  fnorn*  the  gall-bladder,  and  dierc 
jdiids  together  conflkute  the  common  bile  do& 
*  The  common  duft  defccnds  towards  .the  pancreas, 
«nd  pafTmgBthind  the  duodenum,  pierces  its  extrr- 
sial  coat. .  After  having  run  between  the  coats  of 
this  inteftinc  for  fome  diftance,  it  is  at  length,  be- 
'  tween  its  fecond  and  thkd  coat,,  united  Tricfa  the 
idud  from  the  pancreas,  .and  the  fluids  from  the 
liver  and  pancreas  being  thus  mixedy  are  poured 
together  Inco  the  cavity  of  the  duodenum. 

The  gall-bladder  in  man  reciMes  all  its  contents 
by  nutans  of  the  comnciunication.l^etwcen  the  cyftic 
and  hepatic  d\i&s.     in  fome  animals,  however,  the 
gall-bladder  receives  its  bile  by  pecjuliar  duds  im- 
mediately &om  the  liver,  and  in  thde  anioials  the 
cyftic  and  hepatic  dufts  do  riot  tMite.'    From  the 
(trudure  and  tonnedion  of  thefe  duds  in  man  it  h 
evident>  that  all  the  bile  which  pafies  into  the  ducp^ 
denum  muft  pafs  through  the  hiiipacic  and  common 
bile  du£tS)  and  that  which  goes  to.  the  ^dl-btadder 
paflcs  through  the    cyftic  dud.      The  duds  are 
furniflied  with  a  mufcular  coat.     The  ulc  of  the 
gall-bjaddcr  fcems  to  be  to  retain  the  bile  till  its 
more  watdcy,  parts  being  removed,  the  remainder 
inay   beoome  thicker^  more  pungent,   and  niore 
acrid.     It  is  fa  phced  that  it  may  ^be  prefied  upon 
by  the  diftended  ftomach,.and  its  contents  there^ 
fore  difchairged  when  they,  are  moft  required  to 
^flUl  in  the  procefs  of  digeftion.     The  galKbkd- 
der  is  alfo  emptied  by  the  c6n5)Beni6n  .and  agi^ 
tatidn  of  the  vifccra,  which  happen  in  vomiting. 
The  bile  in  the  galUbladder  fometimes  concretes 
into  hard,  maffes  .called  gall-ftones.     As  long    as 
4  thcfc 
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Uicfc  xemain  in  the  gall-bladder  they  occafion  little  . 
or  no  inconvenience,  but  when  they  are  propelled 
into  the  "ducks  tjiey  diftend  and  irritate  thcm.fo  as, 
when  of  a  large  fize,  to  be  produ£tive  of  very  vio^* 
lent  pain.  WJren  thefc  concretions  arc  flopped  in 
the  common  gall  ^u6t,  they  prevent  the  paffage  of 
bile  into  the  intellines.  The  bile,  not  efcaping  in 
the  ufual  manner,  is  accumulated  in  the  liver,  and 
being  taken  up  by  the  abibrbents  is  carried  in  the 
circulating  fyftem,  and  produces  jaundice. 

The  fpleen  is  a  fpongy  vifcus,  of  a^ colour  be- 
tween deep  red  and  blue.  Its  figure  is  fo  irregular  as 
to  admit  of  no  defcription ;  it  is  ibmewhat  obdong, 
however,  but  is  convex  on  the  fide  which  is  ap* 
plied  to  the  ribs,  and  concave  on  that  which  is  ^ 
turned  inwards  towards  the  other  vifcera  of  tho 
abdomen,  and  where  it  receives  its  blood-veffels.  / 
It  is  placed  on  the  left  fide,  in  the  left  hypochon- 
drium,  and  is  oppofite  to  the  two  laft  of  the  falfe 
ribs. 

The  fpleen  is  connefted  to  the  fl:omach  by  blood- 
yeflels  and  a  ligamenr,  to  the. omentum,  to  the  left 
kidney,  to  the  pofterior  part  of  the  diaphragm  by 
the  peritoneum,  to  the  pancreas  by  veffels,  and  to 
,  the  colon  by  a  ligament.  The  fpleen  has  only  one 
coat,  which  can  be  diftinftly  perceived,  and  which 
is  derived  from  the  peritoneum.  The  fpleen  is  ex- 
tremely vafcular,  and  when  macerated  feems  wholly 
conftituted  of  numerous  blood-veflcls.  It  has 
no  excretory  dudt,  and  it  is  remarkablci^  that  though- 
an  organ  of  fuch  confiderablc  fize,  Its  ufc  is  entirely 
unknown. 
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The  pancreas  is  a  glandular  oigan,  of  a  pale-red 
coIaur>  and  is  called  in  certain  animals  the  iweet* 
bread.  The  pancreas  is  fituated  in  die  epigaftric 
region,  behind  die  ftoaiadi,  in  die  triangular  (pace 
iurrounded  by  die  windings  of  die  duodenum.  la 
form  it  refembles  the  tongue  of  a  dog»  the  narrov 
termination  of  which  is  placed  towards  the  ^een^ 
and  is  conne£ted  to  tlmt  oigan  by  blood-veflek 
The  pancreas  in  the  human  fubjed  is  eight  or  niiie 
inches  in  length  but  very  narrow,  and  its  finiatioD 
in  the  bodjr  is  very  nearly  tranfverfc.  The  li- 
quor prepared  by  diis  gland  is  remarkably  fioiH 
lar  to  thofe  prepared  by  die  glands  which  fiiraiih 
faliva  to  the  mouth;  ib  that  the  pancreas  m^ 
be  confidered  as  the  largeft  ialivary  ^and  in  tiie 
body.  Like  the  falivary  glands,  the  pancreas  is  a 
conglomerate  gland,  or  confifts  of  a  number  of 
fmall  glandular  maflea  united  by  ccUidar  ibbftance. 
Near  the  pancreas  is  obferved  a  fmaller  gland  of 
the  fame  kind.  This  is  called  the  litde  pancirasi 
and  pours  its  contents  into  the  pancreatic  du£t. 
We  have  already  fecn,  that  where  the  pancreatic 
du£fc  pours  its  contents  into  the  duodenum^  it  i$ 
united  with  the  conunon  biie  dud. 
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THE  ORGANS   PLACED  NEAR,  BUT  WITHOUT 
THE  CAVITY  OF  THIi  ABDOMEN. 

Tift  Glandula  Suprarena!es,^Tbe  KUniys.^Tbe  BkuUtr. 

TH  E  glandute  fuprarcnales  are  two  triangu- 
lar bodies,  the  fabric  of  which  is  analogous 
to  that  of  ^ands.  In  the  foetus  they  are  larger 
than  the  kidneys  themfelves,  over  which  they  arc 
placed  $  but  in  adults  they  are  much  firialler.  They 
arc  hoUow>  and  are  filled  with  a  reddiih  matten 
The  right  fuprarenal  gland  is  fixed  to  the  liver»  die 
left  to  the  fpleen  and  pancreas^-  both  to  the  dia- 
phragm, and  each  of  them  to  the  kidney,  above 
which  it  is  placed.  They  are  fiirnifhed  with  no 
excretory  duft,  and  their  ufe  is  unknown. 

The  kidneys  are  two  organs  of  a  pale  red  colour,' 
and  a  firm  confiftence,  in  form  refembling  the  beans 
which  bear  the  fame  name.  They  are  placed  with- 
out the  cavity  of  the  abdomen,  on  each  fide  of  the 
fpine,  and  extend  acrois  the  two  lowefl  falfe  ribs  as 
Ar  as  the  bottom  of  the  fecond  himbar'  vertebra ; 
they  reft  on  the  great  pfoas  mufcle,  the  fquai^muf* 
cle  of  the  loins,  and  the  tranfyerle  of  the  abdomen, 
in  iuch  amanner  that  the  right  kidney  is  placed  below 
the  liver  and  the  colon,  fomewhat  lower  and  further 
back,  the  left  under  the  fpleen,  the  ftomach,  the 
pancreas,  and  the  colon,  (bmewhat  higher  and  more 
forwards.  The  length  of  the  kidnejrs  is  about  fix 
inches,  their  breadth  about  four.  Of  the  two  mar- 
gins of  the  kidneys,  that  which  is  placed  outwards 
R4  -  il 
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is  conycx,  that  placed  inwards  concave.  Tbc 
kidneys  are  varjoufly  connefted  to  the  vifccra, 
which  arc  next  them.  The  right  kidney  is  con- 
nedbcd  to  the  colon  which^  as  fhould  have  been 
before  remarked,  is  here  partly  without  the  caviqr 
of  the  abdomen. 

The  kidney  is  made  up  of  three  different  fiib- 
dances ;  iirft>  an  external  part  of  a  pale  coknir, 
which  phiefiy  confifls  of  numerous  convolutions  of 
blood- vcflels,  and  is  called  the  cortical  part.  The 
other  two  fubftances,  that  is  the  medullary  or 
ftriated,  and  the  papillary,  are  really  but  one  and 
the  fame  mais,  of  a  redder  colpur.  The  radiated 
ftrias  are  continued  into  the  papillary  portion, 
where  they  terminate  in  about  eleven  or  twelve  pa- 
pilte,  correfponding  with  the  number  of  glandular 
.portions,  of  which. the  kicjney  was  originally  com- 
pofed*  At  the  point  of  each  papilla  we  fee  witfa 
the  naked  eye,  in  a  (light  depreflbn,  feveral  fimll 
.^oles,  through  which  the  urine  may  be  perceived  to 
.flow  when  the  kidney  is  compreffed.  Each  papilla 
lies  in  a  kind  of  membranous  calix  op  (heaib^ 
\yhich  opens  into  a  common  cavity,  called  the  pd- 
vis.  The  pclvi*  is  alfo  membranous,  being  a  con- 
jtinufifipn  of  the  calix.  In  man  the  cavity  of  the 
pelvis  is  not  iiniibrm,  but  diftinguifhed  into  three 
portions,  each  of  which  f:ontains  a  certain  number 
of  calices>  together  with  the  papille  which  they  fur- 
round.  The  kidneys  are  furroundcd  with  a  ftroQg 
firm  membrane,  which  is  very  clpf^ly  applied  about 
them.  Thi^,.  however,  does  not  proceed  from 
the  peritpneum,  but  is  connedbed  to  the  pofterior 
pan  of  that  membrane  by  means  of  a  large  qvai^* 
f:  ritjr 
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dty  of  celhil^r  fubftance,  which  is  always  plentiFuUy 
filled  with  fat. 

The  urine,  which  is  fccreted  in  the  kidney,  drops 
from  the  papilfo  into  the  pelvis.  All  the  fub-di- 
vifions  of  this  bag  ulrimately  terminate  in  a  mem- 
branous canal,  called  the  ureter,  which,  dcfccnding, 
between  the  peritoneum  and  the  great  pfoas  mufcle, 
reaches  the  urinary  bladder,  to  which  it  conveys  the 
urine.  The  ureters  of  both  kidneys  enter  the 
bladder  at  the  pofterior  part,  near  the  neck,  which 
is  the  moft  fixed  point.  They  run  fome  diftancc 
between  the  coats  of  the  bladder,  before  they  open 
into  its -cavity,  and  this  ftriiiSure  has  the  cffeft  of  a 
valve,  in  preventing  the  fluid  when  the  bladder  is 
very  full,  from  returning  towards  the  kidney. 
,  The  ureters  are  about  a  fpan  long,  and  their  canal 
is  much  wider  in  fome  parts  than  in  others.  They 
are  in  general  about  the  fize  of  a  writing  pen, 
and  are  fomewhat  curved  in  their  courfe  from  the 
'  kidney  to  the  bladder,  fo  as  to  rcfemble  the  letter/ 
They  are  furnifhcd  with  feveral  coats,  one  of  which 
is  mufcular.  They  are  very  fenfible,  as  is  proved 
by  the  acute  pain  which  perfons  who  are  fubjeft 
jto  the  gravel  experience  while  the  ftones  are  pafllng 
through  them. 

The  urinary  bladder  is  a  membranous  fack  of 
confiderabie  fize.  It  is  placed  at  the  anterior  part 
of  the  pelvis ;  when  it  is  empty,  it  finks  below  the 
upper  part  of  the  offa  pubis,  but  when  filled,  rifcs 
confidcrably  above  them.  It  is  larger  in  women 
than  in  men.  The  upper  part  of  the  bladder  is 
called  its  fundus,  which  is  n\uch  wider  than  where 
it  terminates  in  its  neck.    The  anterior  part  of  the 
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hladder,  which  is  placed  next  the  oflk  pubis,  is  more 
flat,  that  turned  backwards  more  convex.  Its  ge- 
neral form  is  a  round  oblong. 

The  bladder  in  men  is  connedcd  behind  to  the 
ledhim,  and  before  it  is  always  attached  by  cd- 
hilar  fubftance  to  the  ofla  pubis.  It  is  alfb  om- 
ne6fced  to  the  navel  by  ligaments,  which  are  die 
remains  of  two  arteries  <^  the  foetus,  and  as  its 
fundus  projefts  into  the  cavity  of  the  abdomeOj 
the  bladder  b  alfo  conoefted  to  the  pcritoncyiD, 
-which  covers  part  of  its  fimdus. 

The  coats  of  the  bladder  are,  firft,  a  coat  of  cel- 
lular fubflancc,  by  which.it  is  connedcd  to  the 
neighbouring  parts ;  sdly,  a  mufcular  coat,  die 
fibres  of  which,  beginning  from  the  neck,  afcend  od 
both  fides  towards  the  fundus.  At  the  neck  the 
fibres  crofs  each  other,  and  in  diis  manner  form  a 
fphinfter,  by  which  animals  arc  enabled  to  retain  Ac 
urine  \  and  yet  a  continuation  of  the  fame  fibres 
towards  the  fundus  aHifts  in  expelling  it.  *  In  this 
parr,  as  well  as  in  the  tongue  and  mouth,  we  ba?e 
an  inftance  of  the  difi^rent  parts  of  the  fame  muf- 
cular fibres  counteracting  each  other. 

The  third  coat  of  the  bladder  is  like  the  nervott 
coat  of  the  intedines,  and  bears  the  fame  name. 
The  inner  coat  has  many  foldings,  and  is  ^cntifiillf 
fupplied  with  mucus.  The  fundus  of  the  bladder 
alfo  derives  a  coat  from  the  peritoneum.  The  ufa 
of  the  bladder  are^  to  receive  the  urine,  to  retain 
it  for  a  rime,  and  to  expel  it  through  the  urethrt 
from  the  bodv. 

1  lad  the  peritoneum  been  fpread  over  the  Madder 
in  its  whole  extent,  the  weight  of  the  vifcera  inoor 
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creft  pollure  y^ould  have  to  borne  upon  it^  that  a 
cmifiderabic  quantity  of  water  could  not  havs  been 
colle£fced  there.  The  peritoneum>  however,  by  paf- 
fing  from  the  fides  of  the  abdomen  over  tlie  fu- 
perior  part  of  the  bladder,  forms  a  fupport  for  the 
incumbent .  vifcera,  and  preferves  a  certain  fpace 
below,  where  they  cannot  prefi.  In  the  quadruped, 
where,  from  the  horizontal  pofiticm  of  the  body, 
the  abdominal  vifcera  do  not  preis  on  the  bladder, 
that  organ  is  entirely  in  veiled  with  the  peritoneum. 

The  figure  in  plate  X.  reprefents, 

1.  The  trachea. 

2.  The  internal  jugidar  vein. 
-3,  The  fubciavian  vein. 

4*  The  vena  cava  dcfccndens. 

5.  The  right  auricle  of  the  heart* 

6.  The  right  ventricle,  the  pericardium  bdng  re- 

moved. 

7.  Part  of  the  left  ventricle. 

8.  The  aorta  afcendcns. 

9.  The  arteria  pulmonalis. 

10.  The  right  lobe  of  the  hlngs,  part  of  which  is 

cut  off  to  (hew  the  great  blood  veffcls. 

11.  The  left  lobe  of  the  lungs. 

12.  The  diaphragm. 

13.  The  liver. 

14.  The  ligamcntum  rotundum. 

15.  The  bottom  of  the  gall-bladder  projefHng 

.  beyond  the  anterior  edge  of  the  great  lobe 
of  the  liver. 
r6.  The  ftomach,  preffcdby  the  liver  towards  the 
Icftfidc. 
_ ,      ^       ..       ^        17.  The 
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.17,  Thefmallintcftincs. 
!«•  The  %fccn. 

The  figure  in  plate  XI.  reprefcnts^ 

1.  The  under  fide  o^the  liven 
ft.  The  Ugamencum  rotyni^um* 

2.  The  gall-bladder. 

4.  The  pancreas. 

5.  Thefplcen. 

6.  The  kidney. 

7.  The  aorta  defcendcns. 

8.  The  vena  cava  afccndens. 

9.  The  emulgent  vein. 

10.  A  probe  under  the  fpermadc  vefiels  and  the 

arteria  mcfenterica  inferior,  and  over  the 
ureters. 

11.  The  ureter. 

I  a.  The  iliac  vcffels. 

13,  The  intcftinum  rcftum, 

14.  The  urinary  bladder. 
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.  17.  The  fmall  intcftincs. 
18.  The  fplccn. 

The  figure  in  plate  XL  reprcfcnts, 
I.  The  under  fide  o^the  liver. 
The  liganicntum  rotun^um. 
The  galUbladder. 
The  pancreas* 
The  fplccn. 

6.  The  kidney. 

7.  The  aorta  defcendcns. 
The  vena  cava  afccndens. 
The  emulgent  vein. 

10.  A  probe  under  the  fpermadc  veffcls  and  the 
arteria  mefenterica  inferior>  and  over  the 
ureters. 

11.  The  ureter. 

12.  The  iliac  vciTcls. 

13.  The  inteftinum  reftum. 

14.  The  urinary  bladder. 
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.  17,  The  fmall  inteftincs* 
18.  The  ^Iccn. 

The  figure  in  plate  XI.  reprcfcnts, 
!•  The  under  fide  o^the  liver. 
1.  The  ligamentum  rotyn^um. 

3.  The  galUbladder. 

4.  The  pancreas* 

5.  Thefplecn. 

6.  The  kidney, 

7.  The  aorta  defcendens. 

8.  The  vena  cava  afcendens. 

9.  The  emulgent  vein. 

10.  A  probe  under  the  fpermadc  veflels  and  the 

arteria  mefenterica  inferior,  and  over  the 
ureters. 

11.  The  ureter. 

12.  The  iliac  veflels. 

13.  The  inteftinum  rcftum. 

14.  The  urinary  bladder. 
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The  larynx  is  conncfted  above  to  the  os  fajrokksi 
behind  |o  the  root  of  die  tongue  aod  die  [rfiaiynx.  * 

The  cartilages  of  the  larynx  are  the  .cciodd  « 
annular^  which  is  narrow  before  and  broad  behind, 
and  is.  there  divided  into  two  cxeavadons,  which 
receive  the  arytenoid  or  pyrao^idal  cartilages^.  The 
cricoid  cartilage  fornis  the  bafis  of  ^c  ^rfx)k 
larynx.  It  is  connected  bdow  to  the  wiix^pci 
and  above  to  the  pyramidal  and  thyroid  card* 
bges/ 

The  thyroid  cartilage  rcfts  perpendiculariy..  on 
the  cricoid^  and  conftitutes  the  uppeti  anterior,  and 
}ai:geft  part  of  the  larynx.    1 1  coniifts  of  twor  almoft 
quadrangulAr  plates  of  cartilage,  which  imitc  before 
at  an  obtufe  angle,  but  behind  are  ieparatc.     This 
cartilage  is  harder  and  more  prominent  in  men  than 
in  women,  and  has  therefore  been  called  the  pomum 
Adami.     At  its.  pofterior  part  the  thyroid  caitiZagc 
has  procefles  above  and  below.     The  u{^)cr  are 
united  by  means  of  ligaments  with  the  proceiSrs  of 
the  OS  hyoides.     The  lower,  which  are  fhorter,  are 
conneftcd  to  the  cricoid  carti^ge.     The  two  aryte- 
noid cartilages  arc  the  fmalleft  ^hich  contribute  to 
form  the  larynx.     They  are  equal   in  fae,  and 
when  joined  together  rcfemble  the  fpout  of  an  ewer^ ' 
They  are  placed  perpendicularly  in  two  excavatbns^ 
of  the  cricoid  cartilage  at  its  poftcrior  part.     The 
glottis  is  formed  of  two  ligaments,  in  the  following 
manner : 

Anteriorly  the  bafis  of  each  aryisnoid  eanilage 
is  fixed  ta  one  end  of  a  ligamentary  cord,  which, 
by  its  other  end,  isinfertcd  about  the  middle  of  the 
Concave  fide  of  the  anterior  portion  of  the  thyroid. 

At 
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At  die  iatcer  inferdon  the  two  ligtoneocr touch  each 
pther ;  but  a  fmall  fpace-U  left  between  thcm>  where 
they  are  conneded  with  thf  jarytenoid  cartilages^ 
This  chink  is  what  is  called  the  rinm  glottidis^ 
which  is  capable  of  contra£Uon  and  dilatation* 

Under  thefe  ligaments  arc  two  fmaller,  which 
alfo  ^ife  from  the  arytenoid  cardlages>  and^  run* 
ing:  forwards^  are  attached  to  the  middle  part  of  the 
thyroid  cartilage.  Between  thefe  fuperior  and  in- 
ferior ligaments  there  is  on  each  fide  a  (mall  bag 
or  cavity,  called  the  ventriculus  Galenic 

Over  the  opening  of.  the  larynx,. the  rima  gIot« 
ddis»  is  placed  a  cardlaginous  fubftance,  called  the 
epiglottis;  it  is  fituaced  above  the  anterior  or  con^ 
yex  portion  of  the  cartilago  tbyroides^  and  its  lower 
extremity  is  conneded  by  a  fliort,  broad,  and  very 
ftrong  ligament,  to  the  middle  notch  in  the  upper 
edge  of  that  cartilage.  The  epiglottis  Is  ibmewhac 
concave  behind  and  convex  before.  Its  fhape  refein<- 
bles  that  <;^  the  tongue,  and  its  terminatbn  or  apex 
is  always  free,  fo  as  by  its  own  elafticity  to  be  na« 
turally  elevated.  In  deglutidon,  however,  when 
the  tongue  is  drawn  backwards,  the  epiglottis  is 
exactly  ^IH^ied  over  the  rima  gldttidis,.  fo  as  to  pre- 
vent t^  food  from  paffing  into  the  larynx,  or,  as  is 
4:oinmi!mly  iaid,  going  the  wrong  way. 

Th6  phaiydx  is  every  where  connedbed  by  muf- 
eiilar  fibres  to  die  larynx,  and  the  larynx  .i&  in  a 
manner  fiifpended  in  its  cavity^  At  the  anterior 
part  of  the  larynx  is  placed  a  gland  of  confiderabk 
fize,  caikd  the  thyroid  gland.  It  is  not  difcovered 
to  hai^  any  eaccietary  dudfc,  and  its  vie  is  unknown. 

Vol.  m.  3  The 
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The  bitifcles  which  regiikte  the  motions  of  dft 
gbttis,  which  is  the  principal  organ  Of  die  vokcj 
are  the  following  four  pairs,  and  one  fingle  mufde: 

The  crico-arytsenoideus  pofticus  arifes  from  the 
cricoid  cartilage,  and  is  inferted  into  the  pofterior 
|)art  of  the  bafe  of  the  arytenoid  cartilage*  By  its 
contradion  it  opens  the  rima  glotddis  a  little^  and  \vj 
pulling  back  the  arytenoid  cartilage^  renders  the  li-» 
gainnent  tenie. 

The  crico-arytsenoideus  lateralis  proceeds  from 
the  cricoid  cartilage  laterally,  where  it  is  coTered  by^ 
part  of  the  thyroid,  and  is  inferted  into  the  bafe  of 
the  arytenoid  cartilage.  Its  efFed  is  to  open  the  rima 
glottidis,  by  feparatingthe  arytenoid  cartilages,  and 
coniequendy  the  ligaments  which  are  fixed  to  them; 

The  thyreo-arytaenoideus  ariies  from  the  thyroid 
cardlage,  runs  backwards  along  the  fide  of  the  g^oc« 
tis,  and  is  inferted  into  the  arytenoid  cardlages^ 
Its  efiefb  is  to  bring  the  thyroid  and  arytenoid  car- 
tilages nearer  to  each  other,  and  coniequendy  to 
relax  the  ligaments  which  are  placed  between 
them. 

The  arytaenoideus  obliquus  arifes  from  the  bafe 
of  one  arytenoid  cartilage,  and  eroding  its  fellow»  is 
inferted  into  the  dp  of  the  oth^en  When  both  aft^ 
they  pull  the  arytenoid  cartilages  towards  each 
other,  and  therefore  contraft  the  rima  glottidis* 

The  fingle  mufcle  which  was  mentioned  is  the 
arytaenoideus  tranfveifus.  It  ariies  from  the  fide 
of  one  arytenoid  cartilage  and  pafies  to  die  odier. 
It  Ihuts  the  rima  glotddis  by  bringing  Ae  arytenoid 
cartilages  with  the  ligaments  nearer  each  other* 
§  Befides 
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Befidts  tbele,  there  are  a  few  ifcparate'  tnuftular. 
fibres,  .which  from  their  cormeftions  arc  calletl 

The  thyreo-epiglottidcusj  which  arifcs  from  the 
thyroid  cartilage^  and  is  infcrted  into  the  epiglottis 
Jaterally.  It  draws  the  epiglottis  obliquely  down- 
wards. 

The  arytagno-cpiglbttideusi  which  arifcs  from  the 
fide  and  upper  ^art  of  the  arytenoid  cartilage,  and 
is  inferted  with  the  fomicr  .into  the .  epiglottis ;  it 
pulls  down  the  epiglottisi  and  countera6fa  the  tScGt 
©fits  elafticity. 

The  afpera  arteria,  or  windpipe^  is  a  tube  formed 
of  annular  cartilages,  membranes,   and  muicular 
fibres.     It  begins  from  the  annular  cartilage  of  the 
larynx,  defcends  rather  towards  the  right  fide  of  the 
fpine  into  the  cavity  of  the  thorax,  and  is  divided, 
into  two  grieat  branches,  which  being  afterwards  fub- 
divided^  obtain  the  name  of  bronchia,  and  are  dif- 
tributed  through  the  fubftancc  of  the  Jiungs.     The 
afpera  arteria  is  furnilhed  with  two  membranes^ 
the  outet  of  which  is  formed  of  cellular  fubftance 
and  the  Inner  is  very  foft  and  tender  ^  between 
thefe  membranes  are  placed  the  cartilaginous  rings. 
Thefe  rings  are  connefted  to  each  other  by  liga- 
mentous fibres  above  and  below.     They  do  not 
form  complqat  circles,  but  are  imperfeft  behind, 
where  the  circle  is  compleated  by  a  foft  but  ftrong 
glandular  and  mufcular  membrane.     The  cartila« 
ginous  rings  are  thin  and  elaftic,  but  thicker  and 
broader  before  than  at  their  fides.    They  are  largeft 
at  the  upper  part  of  the  windpipe,  and  arc  found  to 
be  finaller  as  ^c  advance  lower.    Of  the  mufcular  ' 
fibres  fituatcd  between  the  cartilaginous  rings,  fome 
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ire  circtiiar,  which  render  the  windpipe  narrower, 
and  odiers  longitudinal,  whicii  render  it  (horter. 
'  The  wbdpipe  in  the  upper  part  of  the  cavity 
of  the  thorax  is  divided  as  was  before  ftatcd  into 
two  great  branches/  the  larger  and  (horter  of 
which  goes  to  the  right  lobe  of  the  lungs,  the 
finaller  and  lonjger  to  the  left. 

The  ftrudure  of  the  branches  of  the  windpipe, 
till  they  enter  the  fubftance  of  the  lungs,  is  the  fame 
as  that  of  the  windpipe ;  after  they  enter  the  lungs, 
however,  the  cartilaginous  rings  foon  difappcar, 
ixA  nothii^  but  a  thin  elaftic  coat  remains.  The 
ultiniate  divifions  of  the  windpipe  tenninatr  in  the 
adr-vefiUs  of  the  lui^.* 
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Chap.    XXII. 

THE  FLEURA,  THE  LUNGS,  AND  THE  THYMO5. 

De/criftiOH  ofthi  Thorax. — The  flewra,^^Tbt  Brea/ts, — Bnqfis    . 
cflnfimtt  cotttttin  MiH.'^The  Mtdiaftinam.^'Tbf  Lungs^'^Tbi 
Thymuf. 

TH  E  thorax  is  that  part  of  die  body  which 
lies  between  the  necl(  and  the  diaphragm. 
It  is  furrounded  by  the  fpine,  the  ribs,  the  fternum, 
iwd  the  diaphragm^  and  alib^  intefrnaliy,  by  a  thin  ' 
membrane  like  the  peritoneum,  which  forms  two 
fepafate  cavities,  and  is  called  the  pleura*  On  die 
external  part  of  the  thorax  are  placed  the  mammas 
or  breafts ;  within  is  the  heart,  with  its  large  yeffcls, 
and  the  lungs. 

The  mammae,  or  breafts,  in  men,  and  children  of 
both  fexes,  are  no  more  than  cutaneous  tubercles, 
with  a  brownifh  circle  in  the  middle,  called  the 
areola.  In  women  they  are  two  convex  firm  bodies, 
of  a  glandular  nature.  In  the  middle  of  each  breail 
is  a  prominent  fpongy  fubflance,  called  the  papilla^ 
perforated  by  a  number  of  du6ts  for  the  difchargc  of 
the  milk,  around  which  is  placed  the  areola.  The 
internal  part  of  the  breaft  chiefly  conlifls  of  a  largje 
quantity  of  ^t ;  but  there  is  alio  a  large  glandular 
fubftance,  compofed  of  many  fmaller  glands^  con? 
ixeded  together  by  cellular  membrane }  this  is  the 
organ '  which  fecretes  the  milk,  and  to  which  the 
(f  f  m  tnamma  is  more  ftriftly  applicable.    It  is  re« 

S3      ^  njarkablc^ 
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markable,  that  a  fmall  quantity  of  milk  may  in 
general  be  preffed  from  the  breafts  of  new-bom 
infants,  both  male  and  female. 

The  pleura,  as  has  been  intimated,  is  a  tranfparent 
and  denfe  niembrane,  continued  through  the  left 
perforation  of  the  diaphragm  froni  the  peritoneum. 
It  covers  the  internal  furface  of  the  bones  of  the 
thorax  a'}id  the  upper  part  pf  the  diaphragm,  and 
involves  the  vifcera  of  the  thoray  in  the  fame  man- 
ner as  below  it  involved  thofc  of  the  abdomen. 
.  The  internal  furface  of  the  pleura  is  conftandy  moif- 
.  tened,  and  rendered  flippery  by  a  ferous  exudation. 

The  mediaftinum  is  formed  by  two  lamina  of 
•  the  pleura  including  cellular  fubftance.  Thefc 
are  clofely  connefted  near  the  fternum  and  verte- 
brae;  but  in  the  middle  and  towards  the  lower  part 
they  are  feparated"by  the  pericardium  jind  heart. 
Before  the  heart,  from  the  pericardium  to  the  fter- 
num, the  two  laminae  adhere  very  clofely  :  higher 
up  they  are  divided  to  receive  the  thymus.  The 
^-niediaftmum  divides  the^  thorax  perpendicularly 
into  two  feparate  cavities  or  facks,  which  contain 
thd  lungs.  The  mediaftinqm  is  attached  in  fuch  a 
manner  to  the  anterior  part  of  the  bones  of  the  tho- 
rax, as  to  render  the  right  fackof  the  pleura  lai^cr 
than  the  left.  Behind,  the  mediaftinum  is  attached 
to  the  dorfal  vertebra,  before  to  the  fternum,  below 
to  tihe  diaphragm  and  pericardium,  and  above  to 
large  blood- vcflcls. 

Behind,  towards  the  vertebrae  of  the  back,  is  left 

a  triangular  fpace,  in  which  is  placed  the  windpipe, 

'  the  cefophagus,  the  thoracic  duft,  and  feyeral  large 

yoodrveflfeki  before,  the  gland  called  the  thymus 

occupies 
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occupies  a  fimilar  fpace.  The  ufes  of  the  pteura  are 
to  fumifh  an  internal  covering  to  the  bones  of  the 
thorax  and  the  diaphragm^  and  an  external  covering 
to  the  thoracic  vifcera. 

The  union  of  the  two  facks  of  the  pleura,  form* 
ing  the  mediaftinum^  is  of  ufe,  hy  fupporting  the 
lungs,  and  by  preventing  their  prefllire  on  each 
other  when  the  body  is  turned  to  either  fide.  By 
the  two  fides  of  the  thoray  being  thus  feparated, 
one  may  be  wounded  without  impeding  the  flinc^ 
tions  of  the  other. 

The  lungs  fill  the  two  facks  of  the  pleura,  one 
of  which  is  placed  on  each  fide  of  the  mediaftinum. 
With  refpcft  to  the  form  of  the  lungs,  their  bafes 
are  broad,  and  their  fummits  form  an  obtufe  cone. 
Their  anterior  furfaces,  and  thofe  applied  to  the 
mediaftinum,  are  flat,  that  next  the  ribs  is  fomcwhat 
convex,  and  that  behind  round.  The  lower  part 
of  the  left  lung  is  excavated  to  make  room  for  the 
heart.  The  colour  of  the  lungs  is  in  in&nts  reddifli^ 
.  in  adults  greyifh,  and  in  old  age  they  verge  to^ 
wards  dark  blue  or  black  i  their  fqrface  is  ufyally 
niottled. 

The  lungs  are  connefted  above  to  the  neck  by 
means  of  the  windpipe,  and  below  by  blood- veflels 
to  the  heart.  They  have  no  other  covering  bu? 
the  pleura,  connefted  to  them  by  the  intervention 
of  thin  cellular  fubftancc^  which  in  this  par;  is  al-^ 
ways  fi-ec  from  fat, 

With  refpeft  to  the  ftrufture  of  the  lungS9  the 
right,  which  is  larger,  qonfifts  of  three  lob«Sj  the 
left  only  of  two;  all  of  thefe  are  fub-divided  into 
a  number  of  fmaljer  lobes  (»Ue4  lobules.    The& 

S  4  divifions 
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divifionfl  am  cdnnefted  to  each  other  by  the  inter-- 
vention  of  oellular  fubftance.  The  fubftance  of  the 
lung$  is  ultimately  made  iip  of  minute  veficles, 
called  the  air  veflels  of  the  lungs,  which  are  the  tcr- 
minatipns  of  the  windpipe. 

Thefe  velicles  have  extremely  diin  coats>  and  on 
theft  coats  are  diflxibuted  the  minute  ramificadons 
of  the  bipod- Yeflels  which  go  to  the  lungs.  It  has 
been  computed^  from  the  extreme  unbutenefs  of  the 
air-veflel3i  that  the  internal  furface  of  the  lungs  is 
not  lefs  extenfive  than  die  floor  of  a  moderate  fized 
fitting  room.  Thefe  air-veflels  communicate  with 
each  other  dirough  the  whole  fubftance  of  each 
lung>  fp^diat  by  inflaung  one  lobule  the  airpaflc? 
into  the  reft.  The  ufes  of  the  lungs  are  of  the  moft 
nnportant  naturci  and  will  be  confidered  in  a  fepa^ 
irate  chapter  on  the  fubje£t  of  refpi  radon* 

The  diymus,  the  fituarion  of  which  has  been  juft 
mentioned,  is  fofi^  and  of  a  fpongy  texture.  It  is 
very  large  in  the  fcetus,  and  is  filled  with  a  white 
thin  liquor ;  in  adults  it  is  hard,  finall,  and  gradually 
decays.  It  is  not  discovered  to  have  any  cxcretojy 
duft,  and  its  ufe  is  unknown. 
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Chap.     XXIIL 

the  heart. 

fir  PiHcariliam.^Tbt  Hiwrt.^^-^Tbt  Fitrtricks  and  Jmriekt,^ 

Thdr  Vfis.^'JGgiurd  VUmi  of  tin  £Ioosi^*u^. 

THE  heart  is  a  hollow  mufde,  included  in  a 
membranotis  bag,  called  the  pericardium. 

This  membrane  inclofes  not  only  the  hearty  but 
the  great  vcflels  which  arife  from'  it.  This  covering 
of  the  heart  confifls  of  three  laminae ;  the  extemat 
of  tbefe  is  formed  by  a  duplicature  of  die  m^di* 
aftinum.  The  middle  lamina^  which  is  the  thickefi: 
and  ftrongeft,  is  compofed  of  very  fine  tendinoug 
fibres^  which  at  the  lower  part  are  connected  and 
mbced  with  thofe  of  the  diaphragm.  The  internal 
lamina  feems  to  be  a  continuation  of  the  outer  coat 
of  the  heart  and  ^reat  veflels.  Within  the  pericar-^ 
dium  is>  found  a  quantity  of  traiifparent  liquor* 
which  facilitates  the  mouons^of  the  hearty  by  pre* 
venting  friftion. 

The  heart  is  placed  in  man  almoU  tranfverfelj^ 
and  reftfi  on  the  diaphragm  at  the  anterior  part  of  t)ie 
tliorax.  Thebafis  or  broad  part  of  theiieart  isdire&ed 
towards  the  right  fide,  its  point  or  apex  towards 
the  left»  and  this  latter  is  fo  placed,  as  when  the 
heart  beats  to  ftrike  the  fixth  rib.  The  upper  fur- 
fece  of  the  heart  is  convex  j  the  lower,  which  refts 
on  the  diaphragm,  is  flat.  The  greater  part  of  the 
heart  lies  in  the  Itft  cavity  of  the  thorax» 

The 
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The  fiibflance  of  the  heart  is  mufcular,  an4  is 
compofed  of  fibres,  which,  arifing  from  the  bafis, 
where  it  is  tendinous,  take  a  winding  courie  to* 
wards  its  apex  in  various  dire6tions.    * 

The  principal  p^rt  of  the  mufcular  fubftance  of  the 
heart  forms  two  cavities  called  the  ventricles.  The 
pofterior  or  left  ventricle  of  thefe  is  much  thicker, 
ftronger,  longer,  and  rounder  than  the  other ;  the 
anterior  or  right  ventricle  is  wider,  Ihorter,  and 
thinner*.'  The  feptum,  or  that  pordon  of  mufcuhr 
fubftance  which  is  placed  between  the  ventricles, 
feems  chiefly  to  belong  to  the  former,  and  gives 
the  latter  an  appearance  of  being  merely  an  ap- 
pendage. 

At  the  bafis  of  the  heart  are  two  cavities,  which 
arc  each  of  them  divided  by  anatomifts  into  two 
parts,  the  finus  and  the  auricle ;  but  as  thefe  to-r 
gedier  form  one  cavity,  it  will  anfwer  bcft  the  pur- 
pofc  of  peripicuity  to  fpcak  of  them  fimply  by  the 
name  of  auricles.  The  auricles  are  compofed  of 
two  membranes,  with  fome  mufcular  fibres.    Like  i 

Ae  ventricles,  they  are  fcparated  from  each  other 
by  a  feptum,  and  one  of  them  obtains  the  appella- 
tion of  the  anterior  or  right  auricle,  the  other  that 
of  the  pofterior  or  left.  Each  of  them  communi- 
cates with  the  ventricle,  which  is  placed  next  it,  and 
which  bears  the  fame  name. 
•  Between  the  auricles  and  ventricles  of  the  heart 
^e  i^aced  valves,  as  alfo  at  the  mouths  of  the  great 

.  f  The  tcrqis  anterior  and  pofterior  aaricles  and  ventricles 
of  the  heart  are  ufed  as  defcripdye  of  the  iituation  of  them  in 
man.  In  quadrupeds,  the  anterior  auricle  and  ventricle,  or 
thofe  which  perform  the  fame  purpose,  are  placed  toit^ards  th« 
right  fidcj  and  the  pofterior  towards  the  left, 

arteriesj 
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arteries,  which  prevent  the  blood  from  pafling  in 
any  other  than  the  proper  dire6tion. 

The  valves,  which  are  placed  between  each  of  the 
auricles  and'  ventricles,  are  turned  inwards  towaitls 
the  latter  cavities.  The  valves,  fituated  at  the  en- 
trance of  the  anterior  ventricle,  have  three  remark- 
able points,  and  are  therefore  called  valvulae  tricuf^ 
pides  J  thofc  of  the  pofterior  ventricle  terminate  irj 
fwo  points,  and  from  being  compared  to  a  mitre, 
*are  called  valvulae  mitrales.  In  each  of  the  greaf 
arteries,  which  proceed  from  the  ventricles,  the  aorta 
and  pulmonary  artery,  are  feated  three  valves 
turned  from  the  ventricles,  and  called  femilunares. 
All  thcfe  valves  are  elongations  of  the  Internal 
membrane  of  the  part  to  which  they  belong.  They 
are  clofely  conncftcd  on  that  fide  from  which  the 
current  of  b)ood  proceeds,  and  their  other  extre- 
mity is  loofe.  When  the  blood,  therefore,  proceeds 
in  its  proper  courfe,  they  are  prefled  'clofe  (o  the 
fide  of  the  veffel,  and  occafion  no  impediment ;  but 
when  it  is  about  to  return  in  the  contrary  direftion, 
f  hey  are  raifcd  fi-om  the  fide  of  the^veffeli  and 
meeting  in  the  middle  of  its  cavity,  Ihut  up  the 
channel.  The  internal  furface  of  the  ventricles  is 
extremely  uneven,  from  a  number  of  flefhy  columns; 
which  rife  fr9m  its  infide,  and  fome  of  which  ter- 
minate by  tendinous  extrcmiries  in  the  valves  of  the 
heart,  which  they  fupport,  and  enable  to  perform 
their  office  more  cffeftually. 

Befides  the  connection,  however,  between  the 
j^uricles  and  ventricles  of  the  heart,  each  auricle 
communicates  with  a  Urge  vein,  and  eaph  ven«r 
friclc  with  a  large  artery.    The  ufe  of  the  auricle 


a£t  Vafcular  Syftm.  [Book  IX. 

is  to  receive  the  blood  from  the  vein,  and  to  dif- 
charge  it  into  the  cavity  of  the  ventricle.  The 
rentride  receives  the  blood  from  the  auriclc>  and 
drives  it  forcibfy  into  the  artery.  By  a  repetition 
of  thoTe  adions  b  performed  the  circulatioo-of  the 
bloody  which  is  the  fubjed  of  a  iepar^te  chapter, 
in  which  I  ihall  take  occafion  to  mention  fome  re- 
markable  varieties  in  the  hearts  of  dilFcrcnt  races  of 
animals. 

The  veflels  of  the  human  body  are  either  blood- 
vefiels  or  lympliatics. 

The  blood- veHbls  are  membranous  tubes,  which 
convey,  the  blood  to  and  from  the  various  parts  of 
the  body.  They  are  divided  into  arterips  and  veins« 
The  arteries  puKate,  and  convey  the  blood  from 
the  heart  I  the  veins  return  it  towards  the  heart, 
and  do  not  pulfate*.  The  large  trunks,  both  of  the 
arteries  and  veins,  are  near  the  heart;  at  a  didance 
from  it  they  are  divided  into  numerous  fmall 
branches  in  a  manner  very  fimilar  to  that  in  which 
the  tr]unk  of  a  tree  *  is  loft  in  its  branches  and 
twigs. 

The  arteries  are  formed  by  the  following  tunics. 
The  firft  is  derived  from  the  cavity,  through  which 
the  artery  paflfes  ;  in  the  thorax,  from  the  pleura ; 
in  the  abdomen,  from  the  peritoneum,  &c.  # The 
fecond  is  a  loofe  covering  of  cellular  iubftance, 
yrhich  contains  finaller  veflels,  for  the  nourifhment 
of  that  on  which  they  run,  and  wliich  in  the  large 
arteries  often  contains  a  confiderable  quandty  of  fat. 

*  As  a  pulfe  is  only  tol)e  perceived  in  the  arteries,  this  cir- 
camftance  will  «iable  the  moft  onMiUI  to  diftingniih  the  na- 
km4  of  any  blood-vefleL 

The 
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Thc'third  is  mufcular,  and  is  compofcd  of  feveral 
fmall  arches  of  mufcukr  fibres,  many  of  which  go 
to  the  formation  of  a  circle.  Within  this  is  a  thin 
cellular  coat,  which  adheres  clofely  to  the  former; 
and  laftly,  there  is  a  firm,  fmooth,  and  whitiih 
coat,  with  which  the  circulating  mafs  of  fluids  is  in 
contaft. 

The  ftru6hirc  of  the  veins  is  tiie  ikme  as  that  of 
the  arteries,  but  more  delicate.  The  mufcular  coat 
is  in  them  fo  thin,  or  of  fo  pale  a  colour,  as  not  to 
admit  of  demonftration  in  man,  but  is  plainly  feen 
in  a  veflel  called  the  vena  portarum  of  the  ox.  That 
veins,  however,  have  mufcular  coats  in  all  animals, 
is  inferred  from  their  contraftile  power.    ^ 

The  venous  fyftem  is  far  more  capacious  than 
the  arterious. 

Arteries  are  commonly  faid  to  diminifti  in  lize^ 
as  they  recede  from  the  heart  j  but  this  is  not  the 
real  ftate  of  the  cafe.  As  long  as  an  atrtcry  con- 
tinues undivided,  its  diameter  remafn^  the  ikmc  ; 
and  when  it  docs  divide,  the  area  of  the  vefleU 
formed  by  this  divifion  is  always  greater  than  the 
area  of  the  artery  fi-orn  which  they  are  produced  ^ 
fo  that  the  artery  may  in  truth  be  faid "  to  be  in- 
cfcafed.  This  rule  holds  equally  widi  YetptO:  to 
the  divifion  of  the  great  trunks  of  arteries,  *an^  the 
fub-divifions  of  their  branches.  The'tfuriks  alio 
of  veins  are  always  fmaller  than  the'TunSi  of  the 
fmaller  veins  from  which  they  are  formed. 

The  larger  trunks  of  blood-veflcls  arie  feparate 
tubes,  but  their  branches  Torm  various  communi- 
cations with  each  other,  and'thefe  communication^ 

incrcafe 
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incre^fe  as  the  veffels  become  more  minute>  9> 
as  at  length  to  fdmi  a  web  of  velTels  in  the  parts  on 
which  they  are  didributedi  The  advantages  of 
this  ftrufture  are  very  obvious,  as  by  a  commu- 
nication of  vetfels  each  part  may  receive  blood 
from  many  fourccs,  and  no  part  therefore  fufiers  by 
the  divifion  of  the  blood- veffel  which  more  par- 
ticularly belongs  to  it ;  its.  advantages  arb  likethofe 
of  commerce  among  mankind,  by  which  the  effedts 
of  pardal  lodes  are  guarded  againft  by  a  mutual ' 
exchange  of  conveniencies. 

The  branches  of  arteries  are  in  general  fent  off  at 
much  more  acute  angles  than  thole  of  the  veins,  by 
which  the  paflage  of  the  blood  through  the  artexi« 
is  the  le(^  impeded. 

The  arteries  have  in  general  a  correfponding  vein 
^  placed  near  them ;  but  to  this  rule  there  are  fevcral 
exceptions,  which  will  be  more  particularly  no- 
ticed in  fpeaking  of  the  venous  fyftem«  The  trunks 
of  the  reins,  and  almoft  all  the  arteries,  are  deeply 
leaded.;  but  the  foialler  veins  are  every  where  ^ 
thickly  diibibuted  on  the  furface  of  the  body,  im^ 
mediately  below  the  ikin.  By  this  flrudhire  a  paf- . 
fage  is  provided  for  the  blood  on  the  fur&ce  of  the 
body>  where  the  mternal  veins  are  fo  compre&d 
by  the  aftion  of  mufcles  as  not  eafily  to  tranfmit 
their  contents.  The  extetBal  and  internal  veins 
wmmunicatc  very  freely. 


Chap* 
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Chap.  XXIV. 

GENERAL  DISTRIBUTION  OF  THE  ARTERIES. 

^he  Aortcw^The  coronary  Artery, ^^-^he  carotid  and Juhcla^ian 
Arteries, ^^7 he  intercoftal  Arteries. '^Bronchial  Arteries, ^^T he 
Ceeliac  Artery, •"^Me/enterie  Arteries,^^Renal  Arteries, ^^Lwn^ 
h^r   Arteries. -^lliac  Arteries,-^  Crural  Artery, ^^fulmonary 

Artery 9  ^c^  »     •• 

FROM  the  pofterior,  inferior,  or  left  ventricfc 
of  the  heart  proceeds  the  principal  artery  of 
the  body,  called  the  aorta.  Immediately  on  leaving 
the  heart  it  fends  off  two  fmall  arteries,  called  the 
coronary,  which  are  diftributed  on  the  heart  itfelf* 
The  aorta  now  riff  s  three  or  four  inches  above  the 
heart,  when  it  is  turned  backwards  and  towards  the 
left  fide,  .forming  an  arch  over  the  left  divifion  of 
the  windpipe.  From  the  convex  fide  of  its  arch, 
the  aorta  fends  off  three  large  arteries,  which  go  to 
the  head  and  arms.  The  firft  of  thefe  is  equal  to 
the  two  other  in  fize,  and  foon  divides  into  two 
branches  ;  of  thefc  one  is  the  right  carotid  artery, 
which  is  diftributed  on  the  right  fide  of  the  head  ; 
the  other  is  the  right  fubclavian,  which  proceeds  to 
the  right  arm.  The  arteries  which  belong  to  the 
left  fide  of  the  head  and  left  arm  arife  feparately 
fi*om  the  aorta,  and  are  the  two  other  branches 
which  were  mentioned  as  being  fent  off  from  its 
arch«., 

Upon 
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Upon  meafiiring  the  fides  of  the  veflels^  the  fiir- 
£ice  of  the  united  trunk  of  the  right  fubclavian  and 
carotid  is  lefs  than  that  of  the  left  fubdavian  and 
carodd^  which  arife  fcparately;  if  fo,  the  re- 
finance to  the  blood  muft  be  lefs  in  that  com- 
mon trunk  than  in  the  left  fubdavian  and  carotid. 
The'rcfiftance  being  fmaller,  the  impetus  and  vcb- 
City  of  the  blood  muft  be  leis  affeded ;  and  as  the 
ftrength  of  the  mufcles  is  as  the  quantity  of  blood 
ftnt  into  them  in  a  given  time,  thofe  of  the  ri^t 
arm  will  be  ftronger  than  thofe  of  the  left.  This 
therefore  accounts  in  fome  meafure  for  the  prefer- 
ence which  is  generally  given  to  the  right  arm, 
though  it  muft  be  acknowledged  that  it  is  difficulty 
fi-om  this  reafoning,  to  account  for  the  preference 
which  fome  children  give  to  the  left.  The  rigfjt 
fubclavian  and  carotid  fonnetimes  arife  ieparately 
like  tlic  left,  but  it  has  not  been  aicertained  that 
this  exception  to  the  ufual  ftrufturc  happens  more 
frequently  in  left  than  in  right  handed  perfons.  In 
quadrupeds  we  obferve  fom.ething  of  the  lame  pre- 
ference of  the  right  limbs,  and  attended  with  the 
fame  diftribution  of  the  arteries.  In  birds,  which 
muft  be  nicely  balanced,  the  arterks  of  both  fides 
come  off  alike.  • 

The  two  carotid  arteries  proceed  upwards  on 
each  fide  of  the  windpipe,  behind  the  fternoH:leido« 
maftoideus  mufcle,  and  the  platifma  myoides,  as 
high  as  the  laryux,  without  a  divifion.  About  this 
part  the  carotid  artery  is  divided  into  two  odiers> 
called  external  and  internal  carotid  arteries.  The 
external  carotid  fupplies  the  parts  al30Ut  the  larynx, 
the  face,  tlic  external  parts  of  the  head  and  the 
j"  dura 
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4ura  jnater.  The  other  divifioa  of  the  carotid  is 
di{h-it>uted  almoft  endrely  on  the  brain^  and  is  there- 
foK  called  the  internal  caropd  artery.  It  firft  pro- 
Meds  to  the  lower  orifice  of  the  great  buial  of  die 
para  pefrofum  of  the  temporal  bone,  v  Afcer  being 
coi^torted  according  to  the  courfe  of  this  paflag^^  it 
at  length  enters  the  cavity  of  the  cranium,  at  the 
fide  of  the  fella  turcica,  J^  it  leaves  the  bony  cJanal, 
it  fends  off  an  artery,  which  fupplics  the  contents  of 
the  orbit,  and  which  communicates  with  twigs  of  the 
external  carotid  about  the  face* 

The  internal  carotid  afterwards  runs  under  the 
bafis  of  the  brain  at  each  fide  of  the  infundibulum^ 
where  it  is  at  a  fmall  diftance  from  the  carotid  ar* 
tery  of  the  odier  fide.  At  this  part  it  commonly 
divides  into  two  branches,  one  of  which  paflfes  to- 
wards the  anterior,  the  other  towards  the  pofterior 
part  of  the  brain,  where  it  communicates  with  the 
vertebral  artery  of  the  fame  fide.  The  arteries  of 
the  brain  are  inclofed  in  the  folds  of  the  pia  mater, 
and  are  not  diftributed  on  the  fubflance  of  the  brain 
itfel^   till  after  having  uncjergone  minute  divifion» 

The  fubclavian  arteries  are  fo  called,  becauft 
they  pals  under  or  behind  the  clavicles.  ]^ach 
fubclavian  artery  fends  off  a  confiderable  one  to  the 
internal  parts  of  the  head.  They  proceed  from  the 
upper  and  pofterior  part  of  the  fubclavian,  and  ob-* 
tain  the  denomination  of  vertebral  arteries,  becaufe 
they  pais  through  openings  in  the  tranfverfe  pro-* 
ceffcs  of  the  vertebrae  of  the  neck.  Having  reached 
die  great  foramen  of  the  os  occipicis,  they  enter 
Ayt  cranium,  and  pierce  the  dura  mater.  The  two 
rertebral  artttricsji  after  they  have  entered  the  era* 

Vqu  Illt  T  mum^ 
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nkim,  gradually  advance  towards  each  ocherj  and 
at  length  unite,  forming  the  arteria  bafilaris. 

The  fubclavian  artery  alfo  fends  off*  twigs  tic> 
the  mediaftinum,  thymus,  trachea,  and  pericardium. 
It  alfo  fends  off  two  branches  of  a  larger  fize,  called 
the  mammaria  interna,  and  cervicalis,  befides  the 
vertebralis,  which  has  been  already  dcfcribed. 

The  fubclavian  artery,  where  it  leaves  the  thorax/ 
immediately,  above  the  firft  rib,  changes  its  name 
to  that  of  the  arteria  axillaris,  becaufe  it  pafles  under 
the  axilla.  In  this  courfe  it  gives  off  four  principal 
branches^  the  thoracica  fuperior,  mammaria  externa, 
.  thoracica  humeralis,  and  axillaris  fcapukris,  which 
are  diftributed  on  the  parts  from  which  they  derive 
their  names.  The  arteria  axillaris,  where  it  pafles 
behind  the  tendon  of  the  pe6toralis  m^or,  a^n 
changes  its  name  to  that  of  the  arteria  brachialis. 
Between  the  axilla  and  the  middle  of  the  arm,  the 
artery  is  only  covered  by  the  common  int^;u* 
ments;  below  this  it  pafles  under  the  biceps  mufcle^ 
and  runs  obliquely  forwards  as  It  defeends.  In  its 
courfe,  it  continues  to  fend  off  branches  to  the  ad- 
joining parts.  A  little  more  than  a -finger's  breadth 
below  the  bend  of  the  arm,  the  arteria  bracfaialis 
divides  into  two  branches,  called  die  cubitalis  and 
radialis,  the  former  of  which  lies  next  the  ulna,  the 
latter  next  the  radius. 

The  aorta,  having  completed  its  arch,  is  direded 
downwards,  being  fituated  towards  the  left  fide  of 
the  (pine.  Below  the  fourth  vertebra  of  the  back, 
it  obuins  the  name  of  the  defcending  aoru,  which, 
between  this  part  and  the  diaphragm,  fends  ofi^  the 
fibllowing  branches ;  ^ 

*  .  ^       The 
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The  inferior  intercoftal  arteries  are  generally  feven 
or  eight  on  each  fide.  iThcy  aril*e  in  pairs  along  th6 
pofterior  part  of  the  aorta,  dnd  run  tfanfverfely 
towards  each  fide  on  the  bodies  of  the  vertebrse. 
They  afterwards  pafs  in  the  bony  ridge  at  the 
inferior  edge  of  the  ribs,  alitioft  as  far  as  the  fter* 
num,  being  diftributed  in  their  courie  On  the  inter- 
coflal  mufcles. 

The  bronchial  artenes  ire  twb  or  three  in  num- 
ber, which  fometimes  arife  from  the  aorta,  fome« 
times  are  branches  of  the  fuperior  interebftral,  or  of 
the  arteries  of  the  cefophagus.  They  enter  with 
the  divifions  of  the  bronchia  into  the  fubftance  of 
the  lungs,  on  which  they  are  difbibiited* 

The  arteries  of  the  cefophagus  arc  generally 
two  or  three  in  number.  ^  They  arife  from  the 
anterior  part  of  the  aorta  aiid  are  diftribiited  on  the 
cefophagus. 

One  or  more  arteries  are  alio  fertt  to  the  dia- 
phragm>  and  diftributed  on  its  lower  lurface. 

Below  the  diaphragni,  the  defcendlng  aorta 
fends  off 

The  caeliac  arteiy,  which  ariles  ffonrt  the  zhtttuSt 
part  of  the  aorta  by  a  fliort  trunks  which  divides 
into  three  principal  branches  1  one  runs  upwards^ 
and  is  called  the  coronary  artery  of  the  .ftomachi 
and  which  is  chiefly  diftributed  oh  that  Organ} 
another  runs  towards  the  right,  and  having  fcnt  oft 
one  or  two  branches  to  the  ftorilaCh  and  dtiodenumj 
joins  the  vena  portje,  enters  the  fiflbrc  of  the  liver^ 
and  is  diftributed  through  Its  fubftance  1  the  third 
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ss  dircAed  to  the  left^  under  the  ftomach  and  pao- 
rreas,  to  the  ipleen.  In  its  progrefs  it  diftiibutcs 
ioiaU  branches  to  the  (i:omach«  pancreas,  and 
omentum. 

At  a  fhort  dlftance  below  thecoeliaCj  the  fuperior 
ineiefiteric  artery  proceeds  froni  the  anterior  part  of 
the  aorta.     Near  its  origin  it  fends  off  a  foiall 
branch,  which  carrier  blood  to  the  large  extremity  of 
lite  pancreas,  and  the  neighbouring  part  of  the  duo- 
denum.  Being  included  between  the  lammae  of  the 
mefcntery,  it  forms  a  kind  of  arch,  which  defcends 
obUquely  from  left  to  right,  and  from  which  abouc 
fixteen  or  fcventeen  branches  are  ient  oft  moft  of 
.which  are  {pent  on  the  fmall  inteftifies^    As  thele 
branches  approach  towards  the  inteftines>  and  arc 
more  minutely  divided^  they  inofculate  and  com-' 
municate  very  freely  with  each  other,  foas  at  length 
to  furround  the  intefiines  like  net  work.    From  the 
concave  fide  of  the  arch  proceed  fcveral  branches, 
one  of  which  is  of  great  length,  and  makes  a  re- 
markable communication  with  the  inferior  me&n- 
teric  artery.     From  the  numerous  communications 
among  the  arteries  of  the  inteftines,  we  may  obferve 
how  carefuEy  thcfe  parts  are  provided  with  a  fupply 
•f  blood. 

The  next  arteries,  which  are  lent  ofif  from  the 
-aorta,  are  the  two  emulgent  or  renal.  They  arife 
one  on  each  fide,  and  proceed  almofi:  horizontally 
to  the  kidneys.  As  the  aorta  lies  towards  the  left 
fide  of  the  fpine,  the.  right  renal  artery  is  longer  than 
the  left.    The  reverfe  is  the  cafe  ivith  the  veins> 

t  ^ 
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as  the  veaa  cava  is  placed  on  the  right  fide  of  the 
ipine.  1 

Above  the  renal  arteries  arife  two  arteries,  which 
•  go  to  the  glandular  fuprarenales,  and  which  alfo  fend 
branches  into  the  adipofe  membrane  which  fiir- 
rounds  the  kidneys* 

.  Below  the  renal  arteries  ariie  the  two  fpermatic 
arteries,  which  are  very  fmall.  They  are  placed  be- 
hind the  peritoneum,  on  the  pfoas  mufcles. 
.  The  lower  mefenteric  artery  arifcs  from  the  an- 
terior part  of  the  aorta,  below  the  fpermadc.  It  is 
ibon  divided  into  three  or  four  branches,  which 
gradually  fcparate  from  each  other.  The  fupcrior 
of  thefe  branches  forms  the  communication,  which 
was  menrioned  as  taking  place  between  the  two 
mefenteric  stfteries.  The  inferior  mefenteric  artery 
is  diftributed  chiefly  on  the  colon ;  it  fends,  how- 
ever, a  confiderable  branch  to  the  re6tum,  called 
the  arceria  hasmorroidalis  interna. 

The  lumbar  arteries  proceed  in  five  or  fix  pairs 
j^-om  the  poftcrior  part  of  the  aorta,  much  in  the 
fame  manner  with  the  intercoftals.  The  fupcrior 
fomedmes  fend  blood  to  the  diaphragm  and  inter- 
coftals, but  they  are  principally  l^ent  on  the  pfoas 
mufcles,  the  quadrati  lumborum,  and  the  oblique 
;ind  tranfverfe  mufcles  of  the  abdomen.  One  or 
more  arteries  are  lent  off  from  the  lower  part  of  the 
^rta,  or  fome  of  the  neighbouring  arteries,  to  the 
0$  faoiim  and  large  nerves  of  thefe  parts. 
.  Near  the  laft  lumbar  vertebra,  the  aorta  is  di- 
a^ided  into  two  equal  trunks,  called  the  common  iliac 
^tcries,  one  of  which  lies  to  the  right  the  other  to 
|hc  left,  and  which  rpccde  from  each  other  as  they  de- 
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fcend.  About  th^ee  fingers  breaddi  from  their  origin^ 
c^ch  iliac  trunk  is  divided  into  two  fecondary  arteries. 
One  of  theft,  which  is  called,  from  the  parts  on  which 
it  is  diftributed,  the  hypogaftric,  or  internal  iliac  ar-r 
tcry,  is  gradually  bent  forwards,  and  terminates  like 
a  ligamentous  eord  at  the  navel.  The  other  artery 
is  called  the  external  iliac,  and  pafles  under  the  li- 
gament of  Fallopius,  in  its  way  to  the  lower  extre- 
mity, on  which  it  is  diftributed. 

From  the  convex  fide  of  the  curvature  of  tho 
hypogaftric  artery  arc  fcnt  off  feveral  confiderable 
branches,  which  may  be  diftinguiflied  by  the  fol- 
lowing names;  ililca  minor,  (kcrae laterales,  g^utaea, 
fciatica,  pufiica  coippniinisi  hsimorrhoidalis  media| 
obturatrix. 

The  iliaca  minor  is  a  fmall  artery,  which  is  dis- 
tributed on  the  iliac  mufcles  and  bones.  The  ar- 
teriac  facrae  laterales  are  commonly  two  in  number. 
They  arc  fent  to  the  fore  part  of  the  os  lacrum,  and 
penetrating  its  fubftance,  arc  diftributed  to  the 
nerves  and  merfibrants  within.  The  artcria  glutsea 
is  of  very  confiderable  fize  j  it  pa(}es  out  of  the 
pelvis  with  the  fciatic  nerve,  and  is  diftributed  on  the 
two  larger  glutaei  mufcles ;  it  alfo  gives  branches 
fo  fome  other  neighbouring  mufcles,  and  to  the 
parts  about  the  anus.  The  arteria  fciatica  gives  fomc 
branches  to  the  os  (acrum  and  adjoining  mufcles, 
It  pafles  obliquely  over  thp'  fciatic  nerve,  and  goes 
through  the  great  pofteric^r  finus  of  the  os  ileum, 
it  afterwards  afcendson  ffie  outfide  of  the  os  ileum, 
and  i^  fpent  on  that  zvA  the  glutsei  mufcles.  The 
arteria  pudica  communis,  orpudica  internal-divides 
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into  two  branches;  one  of  theft  runs  on  the  infide 
of  the  tubercle  of  the  ifchium  to  where  the  cor- 
pora cavernofa  take  their  origin ;  at  this  place  it 
is  divided  into  feveral  fmaller  branches,  which  arc 
diftributed  on  the  corpora  cavernofa,  the  bulb 
of  the  urethra,  and  the  anus.  The  fecond  princi- 
pal branch,  fonmetimcs  called  the  pudica  externa, 
runs  between  the  bladder  and  redlum. 

The  haemorrhoidalis  media  proceeds  from  the 
pudica  interna,  or  fome  of  the  other  large  branches ; 
it  goes  to  the  lower  part  of  the  rcdum,  and  fends 
nvigs  to  the  bladder,  veficulae  feminales,  and  prof- 
trate  gland.  The  artcria  obturatrix  perforates  the 
obturator  mufcles,  and  is  diftributed  to  the  neigh- 
bouring mufcles. 

The  hypogaftric,  or  internal  iliac  artery,  having 
feat  off  all  thefe  branches  to  the  parts  about  the 
pelvis,  afcends  on  the  fide  of  the  bladder  towards 
the  navel,  where  it  meets  its  fellow  of  the  oppofite 
lide.  Thefe  arteries,  near  the  navel,  arc  in  the  adult 
contrafted  into  the  appearance  of  a  ligament,  and 
are  quite  clofed  j  in  the  foetus,  however,  they  are  a 
continuation  of  the  trunk  of  the  hypogaftric  arteries 
by  which  the  circulation  is  carried  on  between  it 
and  the  placenta. 

It  has  been  already  mentioned,  that  the  exter- 
nal iliac  artery  paflfes  out  of  the  abdomen  under 
Fallopius's  ligaments  it  here  gives  off  two  con- 
fiderable  branches ;  one  of  thefe,  the  arteria  epi- 
gaftrica,  runs  upwards  on  the  mufcles  at  the  anterior 
part  of  the  abdomen,  and  communicates  freely 
with  the  mammaria  interna;  the  other  branch, 

.  T  4  fcnt 


jtSO       Arteries  of  the  thigh  and  Leg.    [Book  IX. 

fcnt  ofF  from  the  external  ili^c  at  this  place,  runs 
to  the  internal  edge  of  the  os  ileum,  and  is  ra- 
mified on  the  oblique  and  tranfverfe  mufcles  of 
the  abdomen,  communicating  with  the  lumbar  ar- 
teries. 

After  it  has  pafled  under  the  ligament  of  Fallq* 
plus,  the  external  iliac  changes  its  name  to  that  of 
the  crural  or  femoral  artery.  It  fends  off,  firft,  three 
fmall branches;  one,  thepudica  externa^goes  to  the  in- 
guinal glands,  &c.  and  communicates  with  the  pudioi 
interna  ;  another  goes  to  the  pe£Uncus  mufcle;  and 
the  third,  to  the  upper  part  of  the  fartorius. 

Afterwards  the  trunk  of  the  artery  defcends  to 
the  head  of  the  os  femoris.  About  three  finger^ 
breadth  from  the  ligament  of  Fallopius,  it  (ends 
out  three  confiderable  branches.  The  external 
branch,  called  the  circumfiexa  externa,  is  diftributed 
to  the  mufcles  of  the  thigh,  fituated  before  and  at 
the  outfide.  The  middle  branch,  named  the  pro- 
funda, runs  down  on  the  infide  of  rhe  thigh  between 
the  triceps  mufcles.  The  internal  branch,  called 
the  circumflexa  interna,  runs  backwards  towards  the 
great  trochanter,  and  fupplics  the  mufcles,  feared 
at  the  pofterior  part  of  the  os  femoris,  and  fends  a 
branch  into  the  fubftance  of  the  bon.e  itfelf. 

After  having  fent  off  thcfe  branches,  the  crural 
artery,  covered  by  tlie.fartorius  mufcle,  proceeds 
down  to  the  bottom  of  the  thjgh,  and  pafles  through 
the  tendon  of  the  adduftor  magnus,  a  little  abovf 
the  internal  condyle  of  the  os  femdris;  afterwards, 
continuing  its  courfe  through  the  IjoUow  of  thf 
ham,  it  is  called  arteria  poplitea* 
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While  in  the  ham  it  fends  oflF  branches,  whadt 
aicead  to  communicate  with  thofe  of  the  crural  ar«' 
tery.  Branches  are  alfo  lent  to  the  joint.  When 
it  has  reached  the  back  part  of  the  head  of  the  d* 
bia,  it  ^ves  off  two  branches,  one  to  each  fide. 
As  the  poplitea  ends>  it  divides  ihto  two  prbcipal 
branches ;  one  of  which  runs  between  the  heads  of 
the  tibia  and  fibula,  pading  from  behind  forwards 
on  the  interofTeous  ligament,  where  it  takes  the 
name  of  arteria  tibialis  anterior  %  the  fecond  branch 
divides  into  two  others,  the  larger  called  arteriii  tibi« 
alis  pofterior,  the  other  arteria  peroneapofterior. 

From  the  anterior,  fuperior,  or  right  ventricle  of 
the  heart  proceeds  an  artery  (the  pulmonary)  nearly 
equal  to  the  aorta,  but  the  coats  of  which  are  left 
robuft.  Its  trunk,  having  run  upwards  almoft  at 
high  as  the  aorta,  is  divided  into  two  parts,  one  c^' 
which  pafles  under  the  aorta  to  the  right  lung,  wIhIc 
the  other  proceeds  to  the  left;  Thefe  arteries  center 
the  lungs  with  the  bronchia,  and  the  divifions  and 
fub-divifions  of  both  are  diftributed  togedier  through 
their  fubftance.  The  ultimate  ramifications  of  die 
pulmonary  artery  are  fpread  out  on  the  air-reflels, 
through  which  the  blood  undergoes  that  change 
from  the  air  which  it  is  the  purpofb  of  relpiration  to 
effeft. 

Befides  receiving  arteries  b  common  with  other 
parts  of  the  body,  we  find  that  the  lungs  contimialljr 
receive  and  return  the  fame  quantity  of  blood  as 
pafles  through  all  the  odier  parts  of  the  body;  fix)m 
which  we  may  form  fome  idfca  ofriidr  extreme 
fafcularity. 


ati  Explanation  of  the  Plate    [Book  IX. 

In  the  pktc  annexed  (XII. )  the  arteries  arc 
reprefenced  freed  from  the  mufcular  and  (ibsous 
parts. 

I.  Aorta  afcendens. 

A.  Three  ftnnUunar  valves.  .^^ 

2*  Trunk  of  the  coronary  artery. 
J.  Aorta  dcfccndens. 
4*  Subclavian  artery. 
5,5,  Carotid  arteries. 
i$«6«  Vertebral  arteries, 

7.7.  Arteries  that  go  to  the  lower  part  of  the 

iace,  tongue,  fi^c. 

5.8.  Temporal  arteries, 

ro.io.  Truji^  which  go  to  the  foramina  hari- 

um,  &c. 
1 1 . 1 1 1  Occipital  arteries. 
I  a.  I  a.  Arteries  which  go  to  the  ^uces,  ^c. 

^•B.  A  frnall  pordon  of  the  balis  of  the  flcuH. 
ij^ij^  Contorfions  of  the  carotid  arteries,  before 
they  pafs  to  the  brain. 
C.  The  pituitary  gland  between  the  contorted 
trunks  of 
14.14.  The  carotid  arteries, 
,  D.p.  Th^  ophthalmic  arteries. 

1 5.  Goijitorfions  of  the  vertcbrals. 

1 6.  The  vertebral  arteries,  where  diey  lie  on  the 

medulla  oblongata, 

1 8.1 8.  Ramifications  of  phe  ar(erieis  within  the 

(kuU. 
,  E.E^  The  arteries  of  the  cerebellum* 

19.19.  Arteries  of  the  larynx,  &c. 

acao.  Arteries  which  convey  blood  to. the  mufd^s 
of  the  neck  and  fcapula. 

ai.ai.  Mara- 
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a  1.2 1.  Mammary  arteries. 

22.22.  Arteries  of  the  mufcles  of  die  os  hymtrij 

&c. 
2  J.  24.  Diviiions  of  the  arteries  of  the  arm, 
^5.25.  A  branch  of  an  artery  not  found  in  all  &b- 
jeds. 

26.  External  artery  of  the  cubitus. 

27.  Arteries  of  the  hands  and  fingers* 
a8.28.  Divifion  of  the  aort^« 

29.  Bronchial  artery. 

3 1 .  I  ntercoftal  arteries.  ^ 

32.  Coeliac  artery. 
3i^  Hepatic  arteries* 

34.  Artcri^  cyftica,  on  the  gail-bladder. 
2Sf  1-ower  coronary  artery  of  the  ftomaclu 

36.  Pytoric  artery 

37.  Epiploic  artery. 

38.  Ramifica^ons  of  the  coronary  artery,  which 

embrace  the  bottom  of  the  ftomach. 

39.  The  upper  coronary  artery  of  the  ftomaclu 
40,40.  Phrenic  arteries^ 

41.  Splenic  artery. 

43.  Upper  mcfenteric  artery. 

44.  Superior  branches  of  the  mefenteric  artery^ 

freed  from  the  fmall  inteftineSi 

45.  Lower  mefenteric  artery; 
49.49.  Emulgent  arteries. 

50.  Arteriae  lumbares^ 

51.  Spermatic  arteries. 
52^  Artcria  facra. 

53«53-  Common  iliac  arteries* 

54.54.  Iliacus  externus« 

55.55.  Jliacus  internus^ 

$6.$6.  Um- 
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56.56.  Umbilical  arteries. 
57,57*  Epigaftric  arteries. 
69..  The  crural  artery. 

70.  Arteries  which  pafe  to  the  mufclcs  of  tbt 

thighs  and  tibise. 

71.  Part  of  the  crural  artery.  ^ 

72.  The  three  large  trunks  of  the  arteries  of 

Ac  leg. 
7J.  Arteries  of  the  foot* 
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Chap.    XXV. 


GENERAL  DISTMBUTIOM  OF  THE  ^VSmak    * 

iUtd  Suiclanfian.^^Feins  of  tbi  Superior  jExtremitj.'^Vimm 
Avtygoij^^Veins  of  thehumjir  Bxtrtmities.^-^CotfrJi  of  the  Bto$M 
through  the  ahdominal  Vifarai  the  Liver,  tfc. 

IN  ddcribing  the  aperies  we  followed  the  cmiifb 
of  the  bloody  and  begimibg  m4^  4lht  hfigsilt 
trunks,  traced  the  feveral  branches  in  dieharder  qi 
^*btch  they  were  fent  ofl^  In  poindiig  out  die 
oourie  of  the  uveitis,  bowever>  and  ftilt  following 
•the  coorfe  of  their  contents,  the  order  of  the  de^/ 
^icription  wiU  necefiarily  bereverfed,  as  it  isnc^ 
^eflary,  in  this  cafe,  to  begin  with  therimificatioM^ 
and  trace^tbem  into  the  trunks.  t 

The  veins  of  the  body  may  be  divided  into  tW9 
Gaffes;  thofe  which  return  the  blood  ConveyEed  bf 
the  pulmonary  artery,  and  thofe  which  tctxan  that 
'of  the  aortsa. 

It  has  been  already  mmarked,  that,  befides  tfae 
-blood  which  die  lungs  receive  in  common  with 
other  parts  of  the  body,  they  alio  recetm  .all  that 
at  tranfinitted  by  the  pnlmonacy  artery.  Thtis^ 
after  being  diftributed  tlu-ough  the  fjibftance  .of  the 
hmg^,  is  returned  by  veins,  which  u  length  tjiule  ' 
into  four  trunks,  and  paffing  thiXHigh  the  perifiar- 
dium,  are  inferted  into  the  pc^eiriar  iwridf  of  the 
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The  bloody  which  is  fent  to  the  various  parts  of 
the  body  by  the  aorta  is  ultimately  received  and  re- 
turned by  two  large  trunks,  the  vena  cava  luperior 
and.  inferior^  which  enter  the  anterior  auricle  of  the 
heart.  I  fliall  now  proceed  to  enumerate^  in  a  cur- 
Ibry  manner^  the  branches  by  which  thefe  trunks  are 
fupplied. 

The  vena  cava  fuperior  is  formed  in  the  follow- 
ing manner.  In  treating  of  the  brain»  I  fhall  endea- 
vour to  defcribe  more  fully  the  triangular  canals, 
called  finules,  fituated  in  the  dura  mater,  and 
•which  perform  the  office  of  veins.  The  blood, 
.which  is  lent  to  the  internal  parts  of  the  head,  after 
:pafiing  through  other  veins  and  finufes  is  received  by 
-the  two  lateral  finufes  %  thefe  terminate  in  the  internal 
jugular  veins,  which  correipond  with  the  internal, 
carotid  artery,  and  terminate  in  the  fubchivian  vein. 
-The  external  jugular  vein,  which  corrcfponds  with 
.the  external  carotid  artery*  receives  the  blood  from 
the  external  parts  of  the  head,  and  aUg  terminates 
in  the  fubclavian  vein.  This  vein  alio  receives  die 
contents  of  the  vertebral  vein,  which  correlponds 
with  the  artery  of  the  fame  name. 

The  veins  of  the  fuperior  extremities  run  in  two 
fets ;  fome  of  them  lie  immediately  under  the  Ikin, 
:  others  are  deeply  feated,  and  accompany  the  atte- 
:ries«  The  vefia  bafilica  is  formed  by  a  variety  of 
^branches ;  it  proceeds  immediately  under  the  fkin, 
valongthe  courfe  of  the  uhia,  to  the  internal  condyle 
•  of  the  OS  humeri.  It  afterwards  runs  up  along  the 
-inlide  of  the  arm,  con^municating  freely  both  with 
^thcdeep  and  fuperficial  veins.  The  vena  cepha- 
lica  receives,  atthe  extremity  of  the  radius,  branches 
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which  correfpond  with  thofe  of  ther^ial.arterjr* 
The  trunk  runs  along  the  radius^betweea  the  muf- 
cles  and  integuments,  comnaunicating  with  all  the 
neighbouring  veins ;  having  pafled  the  ibid  of  xhe 
^rm,  it  alcends  near  the  outer  edge  of  the  external 
portion  of  the  biceps,  ftill  communicating  wida  the 
other  veins,  and  paffing  between  the  large  peroral 
and  deltoid  mufcles,  terminates,  as  well  as  the  ball* 
Jica,  4a  xhe  trunk  of  the  axillary  vein. 

The  vena  axillaris,  which  correfponds  with  the 
artery  of  the  fame  pame,  i^  formed  by  all  the  veios  of 
the  fuperior  extremity.  Above  the  axilla  it  receives 
branches  from  all  the  mufcles  fituated  about  the  fca« 
pula,  and  the  upper  part  of  the  thorax.  Where  it 
*  pafles  between  the  clavicle  and  firft  rib»  it  changes  ki 
.  name  from  that  of  the  axillary  vein  to  that  of  the 
fubclavian.  The  fubclavian  veins,  receive  the  con- 
tents of  the  jugular  and  vertebral  veins  which  copoe 
from  the  head,  and  alfo  other  branches  from  ad* 
joinii^  parts.  The  left  fubclavian  vein  alio  receives  ' 
a  particular  vein,  called  the  intercoftalis  fupexior* 
which  proceeds  from  the  upper  intercoflal  mufcles 
of  that  fide.  The  left  fubclavian  vein  alfo  receives 
the  contAits  of  the  thoracic  dud^  which  is  dc* 
fcribed  in  another  place. 

The  two  fubclavian  veins  are  diredted  towards 
each  other,  and  uniting  in  the  upper  part  of  the  tho- 
.rax,  rather  towards  the  right  fide^  conftitute  the  vena 
cava  fuperior.  Into  the  upper  part  of  the  vena  cava 
opens  a  vein  of  confiderable  fize,  called  the  vena 
azygos,  or  the  vein  without  a  fellow.  This  ariies 
from  the  lower  and  internal  part  of  the  thoraxj  and 
foon  paflcs  over  to  the  right  part  of  the  fpine.  As 
it  afcends  along  the  right  fide  of  the  thorax^  it 
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leceives  the  iRferior  inttrcoftal  veins  of  that  fide, 
and  higher  up  ja  trunk  comnrion  to  two  or  three 
Yeins>  which  alfo  come  from  the  intcrcoftab.  At 
Ae  top  of  the  thorax  it  is  bent  forwards  over  the 
right  lung,  and  opens  into  the  veha  cava  a  litdc 
above  the  pericardium.  The  vena  cava  now  per- 
forates the  pericardium,  and  dcfccnds  to  the  ^ice* 
rior  or  right  ventricle  of  the  heart. 

The  veins  of  the  lower  extremities,  which  termi- 
nate in  the  vena  cava  inferior,  are 

The  vena  faphena  major,  which  begins  on  the  infide 
•  of  the  foot,  at  the  great  toe,  and  runs  to  the  inner 
ankle ;  here  it  receives  other  branches,  and  then 
runs  up  the  infide  of  the  tibia,  immediately  under 
dieikin.  After  communicating  freely,  and  receiving 
otiier  branches,  the  iaphena  pafles  along  the  infide 
of  the  knee,  and  afterwards  along  the  thigh  as  &r 
as  the  middle  of  the  fartorius  mufcle ;  it  next  runs 
on  the  forepart  of  the  thigh  to  the  groin,  and  at 
length  opens  into  the  top  of  the  femoral  vein.  As 
t!us  vein  is  quite  fuperficial,  it  may  'be  traced 
through  the  whole  of  its  progrefs,  when  it  is  dis- 
tended with  blood,  by  the  naked  eye. 

The  vena  faphena  minor  returns  the  blood  from 
the  outer  fide  of  the  foot  i  fi-om  this  part  it  runs  up 
on  the  outfide  of  the  tendo  Achiilis,  and  next  be- 
tween the  gaftrocnemius  extemus  and  the  fkin.  It 
terminates  in  the  vena  popUtea  a  little  above  the 
ham. 

The  vena  tibialis  anterior  is  a  trunk  which  ac- 
companies the  artery  of  the  lame  name,  and  termi* 
nates  in  the  vena  poplitea. 

The 
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The  veoa  tibialis  pofterior  begins  from  the  folc 
of  the  foot  by  fevcral  branches.  Thefe,  forming  % 
trunk)  run  on  the  inner  fide  of  the  os  calcis,  and  be^ 
Jiind  the  inner  ankle.  It  paffes  up  between  the  foleu^ 
and  tibialis  pofticus  mufcles,  accompanied  by  the 
corre^nding  artciy,  and  opens  into  the  vena 
poplitea. 

The  vena  peronea  proceeds  upwards  along  the  in- 
fide  of  the  fibulai  almoft  in  the  fame  dirediqn  with 
the  arteria  peronea^  and  alfo  ends  in  the  vena  pop^ 
litea. 

The  vena  poplitea,  which  corre(ponds  with  thr 
artery  of  the  fame  name^  is  formed  by  the  three 
large  veins  defcribcd,  but  feems  to  be  a  continua- 
tion of  the  ribialis  pofterior.  The  vensa  popUtqa  runs 
up  immediately  on  the  mufcle  of  the  fame  name. 
About  the  ham  it  receives  a  number  of  branches 
from  the  joint  and  from  the  neighbouring  mufcles. 
A  little  above  the  ham  it  receives  the  name  of  the 
crural  vein,  which  takes  its  courfe  upwards  between 
the  biceps  and  other  flexors  of  the  leg,  clofely^  ac- 
companied by  the  crural  artery.  When  it  has  ar- 
rived oppofite  the  trochanter  minor  it  receives  three 
confiderablc  veins,  the  circumflexa  interna,  externa, 
and,  profunda,  which  correfpond  with  the  arteries  of 
the  fame  names.  About  an  inch  below  the  liga- 
ment of  Fallopius,  it  receives  the  vena  fapphena 
major,  the  courfe  of  which  has  already  been  de- 
fcribed.  About  this  place  it  alfo  receives  the  vena 
pudicae  externae. 

After  paffing  under  the  ligament  of  Fallopius, 
and  entering  the  pelvis^  it  changes  its  name  to  that 
of  the  external  iliac  vein.  It  now  receives  the  vena 
cpigaftrica,  which  defcends  towards  it  at  the  ante- 
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rior  part  of  the  abdomen,  and  other  venous  branches 
from  the  -adjacent  parts.  After  having  received  the 
venous  branches  ^hich  correfpond  with  the  arterial 
branches  of  the  external  iliac  artery,  the  external^ 
ilJac  vein  unites  with  the  trunk  of  the  internal  iliac, 
or  hypogaftric,  vein,  which  returns  the  blood  fcm 
to  the  pelvis  by  tjic  artery  of  the  fame  name. 
Thefe  two  venous  trunks  uniting,  form  the  vena 
iliaca  communis,  and  the  iiiaca^  communes  of  both 
fides  uniting,  fiwm  the  inferior  ven^u  cava.  1  his 
afccnds  on  the  vertebras  but  inclines  towards  the 
fight  fide,  whereas  the  aorta  is  placed  towards  the 
left.  It  receives  the  venje  lumbares,  which  enter  it 
behind  in  pairs.  Higher  up  it  is  joined  by  the 
emulgent  veins  frorn  the  kidneys,  the  vense  capfu- 
Jares  from  the  glandute  fuprarenales,  and  by  the 
right  fpermatic  vein.  *  The  left  fpermatic  vein 
commonly  goes  into  the  emulgent  vein  of  the  lame 
fide.  Oppofite  the  liver  the  vena  cava  receives 
the  blood  from  the  diaphragm  and  pericardium. 
Hitherto,  none  of  the  veins  which  return  the  blood 
fent  to  th^  abdominal  vifcera  by  the  ca^liac  and  the 
two  mefenceric  arteries  have  been  noticed.  The 
courfc  of  this  blood,  however,  defcrves  particular 
attention. 

The  veins  of  the  redum  form  the  beginning  of  a 
vein  called  vena  meferaica  minor,  or  vena  haemor- 
rhoidalis  interna.      This  afteiwaals' unites  with  a. 
branch  from,  the  left  part  of  the  arch  of  the  colon, 
and  opens  at  length  into  the  vena  fplenlca. 

The  vena  fplenica  returns  the  blood  from  the 

ipie^n,  and  in  its  paflage  alfo  receives  branches  fi^m 
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the  (bomach^  pancreas,  and  omentum^  and  alfo  the 
vena  meferaica  minor  laft  dcfcfibed. 

The  vena  meferaici  major  returns  the  blood  of 
moft  of  the  branches  of  the  arceria  mefenterica 
fuperior,  which  are  diftributcd  on  the  fmall  in* 
teftincs  and  right  portion  of  the  colon.  It  alfo 
receives  the  vena  caecalis  from  the  beginning  of  the 
colon,  the  gaftro  colica,  partly  from  the  ftomach 
and  partly  from  the  colon,  and  feme  other  branches 
from  the  adjoining  vifcera,  which  vary  in  different 
fubjefts. 

The  vena  fplenica  receives  the  vena  mcleraica 
minor,  and  the  vena  meferaica  major  the  vena  fple- 
nica, and  thus  is  brought  into  one  veffel,  called  the 
vena  port^,  the  blood  which  c6mes  from  the  omen-  ^ 
turn,  the  pancreas,  the  (pleen,  the  ftomach,  and  the 
fmall  and  great  inteftines.  The  blood,  however, 
thus  coUeded,  is  not  immediately  returned  to  the 
heart,  as  in  other  parts  of  the  body  j  for  the  vena 
port^j  having  arrived  at  the  concave  part  of  the 
liver,  is  firft  divided>into  five  branches^  and  thefc 
into  others  more  minute,  which  are  diftributed 
through  that  organ  like  arteries,  and  which  per- 
form the  fecretion  of  the  bile.  Where  the  vena 
-portsB  enters  the  liver,  its  flrudlUfe  becomes  more 
robuft,  to  enable  it  to  perform  its  new  office.  The 
blood,  thus  circulated  through  the  liver,  is  again 
collefted  by  another  fet  of  veins,  which,  uniting 
into  two  or  three  principal  trunks,  called  vense  he- 
paticae,  pour  their  contents  into  the  vena  cava. 
The  vena  cava,  having  received  thefe  veins,  per- 
forates the  diaphragm  and  pericardium,  and  meet- 
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ing  with  the  foperior  cava,  they  empty  themfelves 
together  into  the  anterior  auricle. 

The  veins  are  rcprelented  in  plate  XIII •  though 
not  fb  perfe6tly  as  I  could  have  wiihed. 

aut.  Vena  cava. 

.  b.  Defcending  trunk  of  the  cava* 
€.c.  Afcending  trunk  of  the  cava. 
d.d.  Subclavian  veins* 

e.  Vena  azygos. 

/.  Intercoftal  veins, 

g.  Mammary  veins, 

Lu  Internal  jugulars* 

/./.  External  jugulars* 

m.  Right  axillary  vein. 

n.  Cephalic  vein, 

0.  Bafilic. 
q.  Phrenic. 

s.s*  Emulgents. 
w.w.  Iliac  branqhes. 
X.  Internal  iliacs. 

1.  Vena  facra; 

2.  Spermatic  veins. 

3.  Epigaftric. 
4»  Sapbena. 
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Chap.    XXVI. 

STRUCTURE    AND    COURSE   OF  THE 

LYMPHATICS. 

I 

Two  Kinds  of  Lymphatics. -^Dejlripiion  of  thefe  FeJels.'^Lym'^ 
photic  Glands, ^^Lfk^leals^^^Thoraeic  Du^.-^RictptacU  of  the 
Chyle,' ^c.        * 

/ 

LYMPHATICS  are  fmall  pellucid  vcflcis, 
which  convey  fluids  pcifc<ftly,  or  very  nearly, 
colourleis.  The  lymphatics  are  of  two  kinds ;  thofe 
which  take  up  fluids  from  the  body  in  geperal^ 
and  thofe  which  receive  the  digefted  aliment  from 
the  inteftines.  The  latter  kind  are  called  ladeals, 
and  both  of  them  terminate  in  a  common  trunks  the 
thoracic  du£t. 

The  lymphatics  have  at  leaft  two  coats,  which 
are  thin  and  tranfparent,  but  tolerably  ftrong.  They 
have  alfo  nerves  and  mufcular  fibres,  as  may  be  col- 
lefted  from  their  fenfibility  when  inflamed,  and  fronj 
their  power  of  contraftion.  They  are  furnifhed 
with  valves,  whicl>  are  placed  in  pairs,  and  which 
are  fo  numerous,  that  three  or  four  of  them,  often 
occur  within  the  diftance  of  one  inch.  From  this 
circumftance,  they  are  frequendy  called  valvular 
lymphatic  veflels,  to  diftinguiflh  them  from  the  mi- 
nute ramifications  of  the  fanguifcrous  fyftem,  which 
alfo  convey  a  colourlefs  fluid. 

Lymphatics  begin  by  extremely  minute  tubes 
from  the  whole  furface  of  the  body,  from  the  cel- 
lular fubftance,  from  the  cavities  of  the  body>  from 
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all  the  glands,  from  all  the  vifccra,  and  in  general 
from  every  part  of  the  fyftem. 

It  is  HOW  well  afcertained,  that  not  only  water  is 
abforbed  by  the  lymphatics  on  the  furface  of  the 
body,  but  many  other  fubftances.  No  lymphatics 
have  been  demonftrated  in  the  brain  j  but  from  a 
variety  of  eircumftanccs  there  can  be  very  little 
doubt  of  their  exigence. 

All  the  lymphatics  of  the  body  paft  through  cer- 
tain glands,  which  are  connefted  with  them.  When 
the  lym.phatics  approach  thefe  glands,  they  fend 
Ibme  branches  to  neighbouring  lymphatics  5  other 
branches  pafs  over  the  furface  of  the  glands,  and. 
others  enter  their  fubftancc,  in  which  they  arc  fa 
minutely  divided  as  to  efcapc  obfervation.  A  great 
number  of  thcfc  glands  are  placed  at  the  upper  part 
of  the  thigh,  belonging  to  the  lymphatics  of  the 
lower  extremity  5  others  are  placed  under  the  arm> 
belonging  to  thofe  of  the  upper ;  and  there  are  fimi- 
lar  glands  about  the  neck,  and  in  various  other  parts 
of  the  body.  It  is  at  prefent  difputed  among  ana- 
tomifts,  whether  lymphatic  glands  are  formed  of 
cells  or  convoluted  veffels ;  but  the  latter  opinion 
feems  to  be  more  probable.  Lymphatic  or  con- 
globate glands  are  of  various  fizes,  from  that  of  a 
fmall  pea  to  that  of  a  bean.  They  are  commonly 
fbmewhat  flattened.  In  young  fubjcfts  they  arc 
found  of  a  reddifh  or  brown  colour,  but  they  be- 
come whiter  in  the  progrefs  of  life.  Their  furface  is 
Ihining,  which  is  owing  to  a  fmooth  denfe  coat  with, 
which  they  are.  covered.  Thefe  glands  are  faid  to 
be  wanting  in  fome  animals,  which  yet  have  lym- 
phatic veflcls. 

The 
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The  laftcals  arc  fo  called  from  a  degree  of  white- 
nefs  in  their  appearance  like  that  of  r*iilk,  which 
they  receive  from  the  colour  of  the  fluid  which  they 
convey.  They  arife  fix)m  the  villous  coat  both  of 
the  great  and  I'mall  inteftincs,  but  principally  from 
the  fhiall,  particularly  the  jejunum  ;  paiffing  in  their 
courfe  through  conglobate  glands,  they  advance 
between  the  laminae  of  the  mefentery  towards 
the  fccond  or  third  lumbar  veitebra,  where  they 
meet  with  the  lymphatics  of  the  lower  extre- 
mities. 

Thefe  are  of  two  kinds,  the  fuperficial  and  deep 
featcd.  The  former  chiefly  lie  at  the  infide  of  the 
leg  and  thigh,  and  follow  the  courfe  of  the  vena 
faphena  major.  In  the  groin  they  pafs  through 
lymphatic  glands.  Being  joined  by  the  lymphatics 
of  the  lower  pait  of  the  abdomen,  tl>ey  pais  under 
the  ligament  of  Fallopius.  The  lymphatics  of  the 
lower  extremities  and  pelvis,  'and  the  lafteals  from 
the  inteftines,  form  the  beginning  of  the  thoracic 
du6t.  This  veflel  alfo  receives  the  lymph  from 
the  other  al^dominal  vifcera. 

The  thoracic  duel,  fo  called  from  its  courfe 
through  the  thorax,  ufually  begins  about  the  fecond 
or  third  kimbar  vertebra.  It  is  of  different  fizes  in 
difF^rcnj  fqbjcdts,  and  is  fometiraes  extended  at  its 
lower  part  into  a  pyriform  bag,  called  the  recepta- 
culum  chyli ;  but  in  general  there  is  no  enlargement 
fa  remarkable  as  to  defcrve  a  particular  name.  The 
thoracic  duft  fometimes  divides  and  again  unites. 
At  its  bi^inning,  it  is  fituated  at  the  right  fide  of 
the  aorta.  It  is  afterwards  obferved  in  the  thorax^ 
lying  between  the  aorta  and  vena  azygos.    Jt  af- 
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ccnds  as  high  as  the  fixth  vertebra  of  Ac  neck, 
where,  forming  an  arch,  it  turns  downwards  and  en- 
ters the  left  fubclavian  vein  near  the  iniertion  of  the 
internal  jugular. 

The  thoracic  duft  is  furniflied  with  few  valves, 
and  thefe  are  placed  without  much  regularity.  At 
the  place,  however,  where  it  is  inferted  into  the 
fubclavian  vein,  there  is  a  circular  valve,  which 
prevents  the  blood  from  getting  into  it. 

Bcfides  the  thoracic  duft,  which  receives  the 
lymph  from  the  lower  extremities  and  the  left  fide, 
and  the  chyle  from  the  inteftines,  there  is  another 
veffel  fomewhat  fimilar,  but  much  fhortcr,  on  the 
right  fide.  This  receives  the  lymphatics  from  the 
right  arm,  the  right  lung,  and  the  right  fide  of  the 
head,  and  enters  the  right  fubclavian  vein  at  the 
fame  place  where  the  thoracic  dudt  enters  the 
left. 
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OF     THE    B  R  A  I  N,   &c. 

The  Dura  Mater.^^The  Falx.^^Sinu/es  of'  tbi  Brain^^^The 
Pia  Mater»^^Tb2  Cerebrum  and  Ctrebellum,''^Source  of  the 
Optic  Ne>-ver, — The  Pineal  Gland. — The  fappofed  Seat  tf 
the  So:J. — >Tbe  Medulla  Oblongata.'-^&ource  of  the  Ner*uts.*^-' 
The  Spinal  Marronv. 

TH  E  cavity  pf  the  cranium  is  every  way  fur- 
rounded  with  ftrong  bones,  which  have  been 
already  de  bribed.  Within  thefe,  before  we  arrive 
at  the  fubfrance  of  the  brain,  we  meet  with  two 
membranes,  called  by  the  ancients  the  dura  and  pia 
mater,  from  an  opinion  that  they  were  the  fourcc 
of  the  other  n^.cmbranes  of  the  body.  The  fame 
nam?s  are  ftill  applied  to  them  by  the  modems, 
riiough,  as  in  many  other  cafes,  the  reafon  has 
ceafcd. 

The  dura  mater  is  a  thick,  firm,  infenfible  mem- 
brane, extremely  fiiU  of  blood  vcffels.  Its  external 
furfacc  performs  the  part  of  a  periofteum  to  the  in- 
ternal part  of  the  head,  to  which  it  adheres  by  nu- 
merous blood*veflcls,  particularly  ax  the  futures, 
where  they  pafs  through  the  cranium  to  communi- 
cate with  thofe  of  the  external  periofteum.  Its  in- 
ternal furface  is  moiftened  by  the  exhalation  of  a 
thin  fluid,  which  prevents  its  adhefion  to  the  mem- 
brane within. 

The  dura  mater  forms  feveral  proje&ions,  which 
ferve  very  importantpurpofes.     One  of  thefe,  froai 
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its  rcfcmblancc  to  the  blade  of  a  fcythe,  is  called  the 
falx.  Ics  narrowcft  ejid  is  attached  to  the  crifta  galli 
of  the  ethmoid  bone  ;  it  runs  backwards  along  the 
courfe  of  the  fagittal  future,  to  where  ic  meets 
with  the  lambdoidal.  A  litde  below  the  lambdax- 
dal  future  it  divides  into  two  wings,  forming  a 
tranfverfc  fcpaim,  which  is  firmly  attached  behimi 
to  the  OS  occipitis.  The  ufc  of  the  falx  is  to  divide 
the  brain  into  its  two  hemifpheres,  and  to  fupport 
them,  and  prevent  tjieir  preliing  on  each  oth^r  when 
the  head  is  turned  to  either  fide.  The  tranfverJc 
fcptum  divides  the  great  brain  or  cerebrum  from 
the  fmalier  brain  or  cerebellum,  the  former  beino- 
placed  ibove  it,  the  latter  below.  It  alfo  fupports 
the  cerebrum,  and  prevents  it  fro^ii  gravitating  on 
the  cerebellum  when  the  body  is  in  the  ercft  pofturc. 
The  Connexion  between  the  tranfverfe  fcjjtum  and 
the  falx  is  fuch,  that  tliey  prcferve  each  other  in  adate 
of  tenfion,  for  if  either  of  them  is  cut  after  the  con- 
tents of  the  cranium  are  removed,  the  other  imme- 
dir^tely  becomes  relaxed  and  flaccid.  Below  the 
Tranfverfe  fcptum  is  fituated  a  fmalier  falx,  which 
iervcs  the  fame  purpofes  in  the  cerebellum  as  the 
great  falx  does  in  the  cerebrum.  In  the  tranfvcHe 
feptum  is  a  great  oval  notch,  through  which  the 
fobftance  of  the  cerebrum  and  cerebellum  com- 
municate and  are  intimately  mixed. 

Both  the  membranes  pf  the  brain  pafs  out  of  the 
cranium  with  the  trunks  of  nerves,  and  afford  them 
coverings,  till  they  terminate  in  their  fcntient  cxtrc- 
mi  ties. 

The  blood  which  is  circulated  through  the  brain 
is  not  returned  through  fuch  veins  as  ^re  found  in 
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other  parts  of  the  body.  We  here  obferve  a  pecu- 
Jiar  kind  of  canals  called  Gnufes,  which  are  contained 
in  the  duplicatuires  of  the  dura  mater.  The  mofl: 
remarkable  of  thefe  is  the  longitudinal,  which 
runs  in  the  upper  part  of  the  t\\x  -,  at  the  tranfverfc 
feptum  this  divides  into  two  others,  called  late* 
ral  finufes,  which,  paffing  through  the  bafis  of  the 
cranium,  terminate  in  the  jugular  veins.  Near  the 
concourfe  of  the  fuperior  and  lateral  finufes,  wc 
obferve  an  opening,  which  is  the  orifice  of  a  finus, 
fuuated  along  the  union  of  the  feb^  and  tranfverfc 
feptum. 

Thefe  finufes  are  triangular  veins,  which,  being 
conveyed  through  fo  firm  a  membrane  as  the  dura 
mater,  are  much  lefs  liable  to  be  ruptured  or  dif- 
tended;  thefe  accidents  are  ftill  further  guarded 
againft  by  certain  filaments,  which  pafs  from  one 
fide  pf  fbc  finufes  to  the  other,  and  give  ftill  further 
fecurity  againft  the  bad  effeds  which  are  found  to 
arife  froni  th^  preffure  of  the  brain.  The  veins, 
which  pour  their  blood  into  the  finufes,  enter  theca 
in  fuch^a  manper  as  to  produce  the  efieft  of  a  valvc^ 
^nd  to  prevent  the  blood  from  returning  into  the 
tender  veflTcb  of  the  brain,  and  Lhus  over-diftending 
diem. 

Befidcs  the  finufes  above-mentioned  there  arc 
others  of  a  fmaller  fize,  which  anf\^er  the  fame  im- 
portant purpofes.  All  thefe  communicate'  with 
each  other  and  with  the  great  lateral  finufes,  and 
therefore  difcharge  their  blood  into  the  internal  ju- 
gular veins* 

The  cavernous  or  lateral  finufes  of  the  os  fphc- 
^oides  are  refervoirs  of  a  particular  kindj  complain- 
ing 
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ing  confiderable  veflels  and  nerves  ;  and  likewi(c  a 
cavernous  and  fpongy  ftrufturc,  which  for  fomc 
unknown  purpofe  is  conftantly  filled  with  blood. 

The  pia  mater  is  a  much  fofter  and  thinner  mem- 
brane than  the  former ;  it  is  connected  to  the  duni 
mater  only  by  the  veins  which  open  into  the  linulcs. 
The  pia  mater  confifts  of  two  laminie  ;  the  exter- 
nal of  thefe,  from  its  extreme  thinnefs,  has  been 
compared  to  the  fpider's  web,  and  is  named  tunica 
irachnoidea ;  at  the  upper  part  of  the  brain  it  is 
connefted  both  to  the  dura  mafer  and  the  internal 
lamina  of  the  pia  mater,  by  means  of  blood- vcflels> 
but  in  other  parts  it  is  quite  feparate  from  both. 
It  is  fpread  uniformly  over  the  furface  of  the  brain, 
inclofing  all  the  convolutions,  but  not  entering  be- 
tween any  of  them. 

On  the  contrary,  the  internal  and  moft  confider- 
able lamina  of  the  pia  mater  is  not  only  infinuated 
into  the  numerous  folds  and  circumvolutions  of  the 
brain,  but  is  continued  into  its  cavities,  performing 
the  important  office  of  conveying  the  Wood-veffcls 
to  that  delicate  organ  in  fuch  a  minute  ftate  of  di- 
yifion,  that  their  pulfation  cannot  be  prejudicial  to 
its  funftions. 

The  brain  completely  fills  the  cavity  of  the  cra- 
nium, and  its  form  therefore  correfponds  with  it  ^ 
it  is  convex  above,  irregular  below,  and  flat  at  the 
fides.  Under  the  general  name  of  brain,  or  ence- 
phalon,  are  included  the  cerebrum,  which  occupies 
the  upper  and  largeft  portion  of  the  cranium,  and 
the  cerebellum,  which  is  feated  in  its  lower  and  pof- 
tcrior  parf,  under  the  tranfverfe  feptum.  The  cere- 
6  brum 
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brum  is  divided  longitudinally  at  its  upper  part,  by 
the  falx,  into  its  two  hcmifpheres.  The  irregular 
uv'face  of  the  cranium  below  divides  each  hemi- 
iphere  into  three  lobes.  The  anterior  lobe  is  lodged 
on  tlic  orbital  proceflcs  of  the  qs  fronris  5  the  middle 
lobe  lies  in  the  middle  foffae  of  the  bafis  of  the ' 
cranium ;  the  poftierior  refts  on  the  tranfverfe  fep- 
tum  oyei:  the  cerebellum.  The  cerebellum  is 
itfelf  divided  into  two  h-emifpheres  by  the  fmali 
falx. 

The  component  matter  of  the  brain  is  of  two 
kinds ;  a  greyilh  matter,  which  is  for  the  moll  part 
^placed  without,  and  is  therefore  called  the  cortical, 
•and  a  white  matter  called  the  medullary,  which  i« 
igenerally  fituated  within.  The  cortical  part  chiefly 
accompanies  the  convolutibns  of  the  brain ;  the 
medullary  is  entire,  and  feems  to  be  compofcd  of 
numerous  white,  minute,  parallel,  and  very  tender 
fibres. 

Having  removed  the  falx  from  between  the  hc- 
mifpheres of  the  brain,  and  drawn  them  gently  from 
each  other,  we  obferve  below  a  white  convex'  fur-  ' 
face,  which  is  part  of  what  is  called  the  corpus, 
callofum.  It  is  a  middle  portion  of  the  medullary 
fubftance,  which,  under  the  inferior  edge  of  the  falx, 
and  for  fome  diftance  on  each  fide,  is  parted  from 
the  mafs  of  the  cerebrum  by  a  fold  of  the  pia  ma- 
ter. Along  the  middle  of  the  furface  of  the  corpus 
callofum,  a  kind  of  raphe  or  future  is  formed  by  a 
particular  intertexture  of  fibres  croffing  each  other, 
Imniediately  under  thefe  is  placed  the  feptum  luci- 
dum,  which  is  connefted  below  to  the  fornix,  and 

divides 
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£vides  the  anterior  ventricles  of  the  brain  firom  each 
ocher.  Thcfe  ventricles  arc  difcovcrejd  by  makii^ 
an  horizontal  incifion  in  the  brain,  on  a  level  with 
the  corpus  callofum*  When  we  have  cut  into  theoi^ 
we  find  that  they  arc  rtarrow  canals,  which  take  a 
very  winding  courfc  through  the  fiibftance  of  the 
brain*  They  are  lined  with  the  pia  mater,  and 
contain  a  curious  colleftion  of  minute  blood  veflcds 
twiftcd  about  each  other,  and  called  ptexus'~  cho- 
roidcs.  One  of  the  anterior  ventricles  is  fituated 
in  each  hemifphere  of  the  brain,  and  they  arc  di- 
vided from  each  other  by  the  feptum  lucidum* 

The  feptum  lucidum  is  united  by  its  lower  part  to 
die  anterior  portion  of  that  medullary  b^)dy  called 
the  fornix,  which  forms  a  kind  of  arch,  fituate4 
iMidcr  the  corpus  callofum,  and  is  nearly  of  a  trian- 
gular Ihape*  At  the  anterior  part  the  fornix  fends 
off  a  double  medullary  cord,  called  its  anterior 
crura ;  immediately  below  which  we  obfcrve  a 
large  white  medullary  rope  ftretched  tranfverfely 
between  the  two  hemifpheres,  and  commonly  called 
the  anterior  commiflure  of  the  cerebrum.  To  this 
fubftance  the  feptum  lucidum  is  connefted.  At 
the  pofterior  part  of  the  fornix  are  two  other  crura, 
which  unite  with  two  medullary  protuberances  called 
pedes  hippocampi.  Under  the  fornix,  and  imme- 
diately behind  its  anterior  crura,  there  is  a  hole  by 
which  the  ^wo  anterior  ventricles  communicate.  In 
examining  the  fubftance  of  the  cerebrum,  the  deeper 
we  go  towards  the  bafis  of  the.  cranium,  we  find 
that  the  medullary  part  becomes  the  broader. 

The  plexus  rjiorcides  is  a  very  fine  vafcular  tex- 
ture, confiding  of  a  great  number  of  arterial  and 

venal 
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venal  ramifications,  fprcad  over  the  lateral  Or  an- 
terior ventricles.  When  we  have  removed  this 
plexus,  we  difcover  feveral  protuberances  included 
in  thefe  cavities.  Thefe  arc  the  corpora  ftriat^ 
the  thaiimi  nervorum  opticorum,  and  the  nates  and 
ieftes. 

The  corpora  ftriata  are  two  curved  oblong  cmi^ 
x^nces,  which  extend  along  the  anterior  part  of  the 
lateral  ventricles.  They  are  called  ftriata  or.  ftripcd, 
bccaufe  in  cutting  them  we  meet  with  a  number  of 
whTte  and  a(h  coloured  lines  alternately  difpoled* 
Thefe  two  eminences  arc  of  a  greyifti  colour  on  chc 
furfacc,  and  larger  before  than  behind,  where  they 
arc  narrow  and  bent.  They  may  be  confidered  as 
forming  the  convex  bafcs  of  the  ventricles. 

The  thalami  nervorum  opticorum  are -externally 
white,  but  alfo  contain  both  cortical  and  medul- 
-  lary  fubftancc,  and  derive  their  -name  from  being 
the  chief  fource  of  the  optic-  nerves.  They  arp 
two  eminences  placed  near  each  other,  between  the 
poftcrior  portions  or  extremiries  of  the  corpora 
ftriata.  Tiey  are  clofcly  united,  and  at  their  con- 
vex part  form  one  body.  Immediately  under  the 
union  of  the  thalami  nervorum  opticorum  lies  a 
cavity  called  the  third  ventricle  of  the  cerebrum. 
This  cavity  conitmunicatcs  at  its  upper  and  fore 
part  with  the  paffage  between  the  two  lateral  ven- 
tricles, and  fends  down  from  its  under  and  fore  part 
a  paflagc  through  the  infiindibulum ;  it  has  a 
communication  backwards^  with  the  fourth  ven- 
tricle. 

The  infundibulum  is  a  fmall  meduHary  canal, 
&uated  between  thp  bafis  of  the  anterior  pillar  of 

the 
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the  fornixi  and  the  anterior  part  of  the  union  of 
die  thalami  nervorum  opticorum.  It  runs  dowa* 
\vard$,^nd  terminates  by  a  fmall  membranous  canal 
in  a  fof rifh  body,  fitu^ted  in  the  fella  turcica  of  the 
fphchoidal  bone,  and  called  glandula  pltuitaria. 
This  fubftance  was  fo  named  by  the  ancients^  front 
its  fuppofed  office  of  cleanfing  the  brain  from  fc- 
reus  Buids.  Its  real  ufe  is  wholly  unknown.  In 
Tuminanc  animals  it  is  much  larger  than  in  man. 

The  nates  and  tcftes,  or  as  they  are  otherwifedc* 
nominated,  tubercula  quadrigemina,  are  four  tu- 
berc]es>  fituated  behind  the  union  of  the  thalami 
nervorum  opticorum,  adhering  to  each  other.  They 
are  esfternally  white,  and  their  internal  fubftance  b 
greyifh.  Between  the  two  anterior  tubercles  and 
the  convex  part  of  the  thalami  nervorum  opticorum 
is,  an  interftice  called  foramen  commune  poftenus. 
•This,  however,  is  clofed  by  the  pia  mater,  and  does 
not  open  into  any  cavity. 

Above  the  tubercula  quadrigemina,  and  behind 
the  thalami  nervorum  opticorum,  is  fixed  the  pineal 
gland.  This  body  is  of  an  oval  form,  about  the 
fize  of  a  pea,  and  is  connefted  to  the  lower  part  of 
the  thalami  by  two  very  white  medullary  pedun-i^ 
culi.  It  feems  to  be  moftly  formed  of  cortical  fub- 
ftance, particularly  at  its  upper  part,  and  adheres 
clofely  to  the  plexus  -choroides,  with  which  it  is 
covered.  This  fmall  body  has  been  rendered  fii- 
mous  by  Defcartes,  who  fuppofed  it  to  be  the  feat 
of  the  foul.  It  is  often  found,  on  being  cut  into,  to 
contain  a. gravelly  fubitance,  which  refifts  the  knife. 
Below  the  pineal  gland  there  is  a  tranfverfe  medul- 
lary cord,  called  the .  pofterior  commiffurc  of  the 

'  hemifphercs  of  the  cranium* 

The 
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The  cerebellum  is  fitqated  under .  the  tranfverfe 
icptum>  in  the  pofterior  and  lower  part  of  the  cra^ 
Ilium,  Like  the  cerebrum  it  is  compofed  of  cioe-* 
ritious  ami  medullary  matter.  It  diJ^Fers  from  ths 
crrebrum,  bpwf  ver,  in  having  no  circumvolutions 
on  its  furface ;  inftead  of  thefe,  we  here  obfcrvc  nu- 
merws  ftiruows  ruoning  parallel  to  each  other,  and 
))f4rly  in  a  tranfverfe  dircdion,  im»  which  timt 
folds  of  the  pia  mater.  Under  the  tranfverfe  frp* 
turn  it  is  cQvered  by  a  vafcular  texture  which  com*- 
(Duoicatcs  with  the  plexus  choroides.  It  has  fi>ur  emi« 
tiences  which  are  turned  in  diSerent  diredions,  and 
which  from  fqhie  jefcmblanee  to  the  rings  of  an 
earth-worm  are  named  appendices  verm^rmcs. 
The  cerebellum  is  divided  into  two  lateral  parts  by 
the  fmall  falx  ;  on  the  back  part  it  is  divided  into 
two  lobes  feparated  by  the  oocipttol  feptUm  of  the 
dura  mater. 

By  cutting  deeply  into  the  fubftance  of  the  cere- 
bellum in  the  direftion  of  its  falx,  we  obfcrvc  ai| 
oblong  cavity  which  is  called  the  fourth  ventricle  j 
this  terminates  backwards  like  the  point  of  a  writing- 
pen,  and  this  end  of  it  has  therefore  been  called 
calamus  fcriptorius.  At  the  beginning  of  this  cavity 
we  meet  with  a  thin  medullary  lamina  which  has 
been  confidered  as  a  valve.  This  ventricle  is  lined 
like  the  others  with  the  pia  mater,  which  is  conti« 
nued  through  all  thefe  cavities. 

The  fubftance  of  the  cerebellum  appears  very 
different,  according  to  the  direction  in  which  it  is 
cut.  By  dividing  it  vertically  we  find  the  medul- 
lary part  difpofed  fo  as  to  exhibit  the  appearance  of 
a  tree.    Thefe  ramifications  unite  to  form,  a  me* 
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dullary  trunk ;  the  middle,  anterior,  and  mod  con* 
fiderable  part  of  which  forms  two  procefies^  the 
criira  cerebelli,  which  uniting  widi  the  crura  cerebri 
conftitute  the  medulla  oblongata,  which  will  be  next 
delcribed;  when  the  cerebellum  is  cut  horizon*^ 
tally  this  appearance  is  encirely  loft. 

The  medulla  oblongata  is  fituated  in  the  lower 
and  pofterior  part  of  the  cranium,  and  is  formed  of 
two  confiderable  medullary  procefles  of  the  cerebel- 
lum, and  of  the  two  larger  procefles  of  the  cerebrum 
called  their  crura.  It  may  thcrcfi>re  be  confidered 
as  a  medullary  mafs  common  to  both  cerebnnn  and 
cerebellum,  by  the  reciprocal  continuity  of  dieir 
fubftances  through  the  great  notch  in  the  tranfverfe 
ieptum.  The  medulla  oblongata  can  only  be  (ccn 
when  removed  from  the  cranium,  and  the  defcrip* 
tion  can  only  apply  to  the  parts  when  viewed  in 
their  inverted  fituation. 

The  crura  cerebri  arife  from  the  middle  and  lower 
part  of  each  hemifphere.  Where  they  arife  from 
the  cerebrum  they  are  feparate,  but  converge  as 
they  run  backwards  fo  as  to  rcfcmblc  the  letter 
V.  Where  they  unite  they  form  a  middle  tranf* 
verfe  protuberance  called  the  pons  Varolii,  becaufe 
that  anatomifl  compared  it  to  a  bridge,  and  the  two 
crura  cerebri  to  two  rivers.  This  companion, 
however,  conveys  no  idea  of  the  real  appearance  of 
the  parts,  and  the  pons  Varolii  is  to  be  confidered 
merely  as  an  eminence  formed  by  the  union  of  the 
crura  of  the  cerebrum  and  cerebellum. 

Between  the  crura  cerebri  and  near  the  anterior 

edge  of  the  pons  Varolii  are  two  white  eminences, 

luuned  eminenti®  mamillares.    From  the  pofterior 

5  part 


Chap.  27  i]  Brain  of  Birds.  307 

part  of  the  pons  Varolii  the  medulla  oblongata  is 
contradcd,  and  defccnds  obliquely  backwards  to  the 
foramen  magnum  of  the  os  occipitis,  where  it  termi- 
nates  in  the  medulla  fpinalis.  In  this  part  of  it  feveral 
appearances  are  to  be  noticed.  Weobferve  four 
eminences,  two  named  the  corpora  olivaria,  and  the 
other  two  the  corpora  pyramidalia.  Immediately  be- 
hind thefe  we  difcover  the  beginning  of  two  grooves, 
one  above  and  one  below*  Thefe  becoming  deeper 
divide  the  medulla  oblongata  into  two  cylinders. 
When  we  feparate  thefe  with  the  fingers  we  obfervc 
feveral  medullary  cords  which  croft  each  other  in 
pafling  from  one  lateral  portion  to  the  other. 

The  corpora  olivaria  and  pyramidalia  are  whitifh 
eminences  fituated  longitudinally  near  each  other 
immediately  behind  the  pons  Varolii.  The  corpora 
.  olivaria  are  outermoft  and  are  nearly  of  an  oval 
ihape.  Between  them  are  the  corpora  pyramidalia, 
each  of  wluch  terminates  in  a  point. 

It  is  obfervable,  in  general,  with  refpeft  to  the 
eminences  df  the  medulla  oblongata,  that  thofe 
which  are  medullary  without  are  chiefly  corti- 
cal within.  What  are  the  diftinft  funftions  of 
thefe  fubftances  which  appear  fo  different  to  the  eye, 
and  what  purpofcs  are  anfwered  by  their  irftermix- 
ture,  are  points  which  muft  remain  undetermined 
till  we  can  difcover  the  conneftion  between  the 
mind  and  the  body,  and  enter  into  the  fecret  mc- 
chanifm  of  this  wonderful  engine  of  fenfation  and 
intcllcft. 

The  brain  of  birds  is  covered  with  the  common 

^  membrgjjes,  but  its  external  furface  is  not  formed 

into  fo  many  gyra:  or  convolutions  as  ours.    Its 
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anterior  p^n  is  quite  folid,  of  a  clneritious  colour, 
and  fo  far  hsis  a  refemblaiice  of  the  corpora  ftriata 
as  to  give  rife  to  the  olfadtory  nerves.     The  whole 
of  it  appears  to  us  imperfedV,  and  we  can  fcarccly 
•diftinguifli  whether  there  is  any  thing  analogous  to 
♦a  third  or  fourth  ventricle  :  neither  the  corpus  callo^ 
fumy  fornixy  nates  or  tejles  can  be  obferved  here  : 
, which  parts  therefore  cannot  be  confidcred  as  nc- 
ccflary  to  the  fiinftions  of  life ;  we  might  how- 
ever be  led  to  imagine,  that  they  are  fubfervicnt  to 
the  fuperior  intellcftuol  powers  of  the  human  mind, 
did  we  not  find  that  quadrupeds  have  thefe  parts  as 
well  as  men.     Thefe  appearances  feem  rather  to 
depend  6n  the  various  difpofition  and  dircftion  of 
the  fibres  which  compofe  the  brain,  and  the  parti- 
cular ufes  which  have  been  affigned  to  the  different 
parts  of  the  brain  feem  to  have  no  other  foundation 
than  the  fancy  of  authors,  who  have  indulged  them- 
I  felves  in  fruitlefs  fpeculations.     Thofc  birds  which 
•feek  their  food  below  the  furface  of  water,  mud, 
&c.  have  large  nerves  which  run  quite  to  the  ex- 
tremity of  the  bill,  by  which  the  fenfation  of  that 
part  is  rendered  more  acute. 

From  the  medulla  oblongata,  which  is  formed 
by  the  union  of  the  cerebrum  and  cerebellum,  arifc 
not  only  the  fpinal  marrow,  but  almoft  all  the  other 
•nerves  which  perforate  the  bafis  of  the  cranium. 

The  medulla  fprnaJis,  or  fpinal  marrow,  is  a  con- 
tinuation of  the  medulla  oblor>gata,  which  paffes 
through  the  great  foramen  of  the  cranium,  and  is 
continued  down  the  bony  canal  formed  by  the  ver- 
tebra?. The  figure  of  the  fpinal  marrow  is  com- 
preflcd,  being  flatter  behind  than  before,  where  we 
^  *  obfcrvc 
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obfervc  a  continuation  of  thofc  grooves  which  di^ 
vide  the  medulla  oblongata  ijito  its  lateral  portions. 
In  the  medulla  fpinalis  thcfe  appear  like  two  cords 
clofcly  applied  to  each  other,  but  which  may  be 
cafily  fcparated  both  before  and  behind  till  we  eomc 
to  their  middle,  where  they  are  joined  together  by 
a  thin  layer  of  cineritious  fubftance  paffing  from  one 
cord  into  the  other.  The  fpinal  marrow,  like  the 
parts  of  which  it  is  a  continuation,  confifts  of  me- 
dullary and  cinericious  fubftance ;  the  former,  how- 
ever, is  here  placed  without  j  the  cineritious  is  placed 
within,  and  by  a  tranfverfe  feftion  of  the  medulla 
Ipinalis  it  appears  to  be  in  the  form  of  a  horfe-fhoe, 
the  convex  fide  of  which  is  turned  forwards  and  its 
extremities  backward. 

The  fpinal  marrow  is  inverted  both  with  the  dura 
and  pia  mater.  The  former  of  thefc  in  paflingout 
of  the  foramen  of  the  os  occipicis,  forms  a  kind  of 
funnel,  adhering  at  its  upper  part  to  the  ligamen* 
tary  fubftance  which  lines  the  bony  canal  of  the 
vertebrae.  Lower  down  there  is  no  adhefion,  ex- 
cept where  the  nerves  pafs  through  the  notches  of 
the  fpine,  where  the  dura  mater,  which  inverts  the 
medulla  ipinalis,  fends  out  on  each  fide  the  fame 
number  of  (heaths  as  there  are  ganglions  and 
nervous  trunks. 

The  pia  mater  is  connefted  with  the  dura  marer 
by  means  of  a  thin  tranfparent  fubftance,  which  from 
its  indentations  between  the  fpinal  nerves  has  been 
named  the  ligamentum  denticulatum..  Itsufeis-to 
fupport  the  medulla  fpinalis,  that  it  may  not  afFeft 
the  medulla  oblongata,  or  fpinal  nerves  by  its  weight*  ^ 
The  lower  end  of  the  ligamentum  denticulatum 
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runs  to  the  os  coccygis  far  below  the  termination 
of  the  fpinal  marrow.       • 

Each  lateral  portion  of  the  medulla  (pinaiis  fends 
off,  both  from  the  fore  And  back  parts,  flat  fafciculi 
of  nervous  fibres.  The  anterior  and  pofterior  faf- 
ciculi are  fcparated  from  each  other  by  the  liga- 
mentum  dcnticulatum  j  then  paffing  outwards  they 
proceed  through  the  dura  mater  by  two  diftind 
openings  very  near  each  other.  Having  penetrated 
the  dura  mater,  the  pofterior  bundle  forms  a  gang- 
lion, from  the  oppofite  end  of  which  the  trunk 
comes  out  again,  and  is  there  joined  b/  the  anterior 
bundle. 

The  membrana  arachnoidcs  is  here  very  diftinft 
from  the  internal  lamina  of  the  pia  mater ;  fo  that 
by  blowing  through  a  hole  made  in  the  arachnoidcs, 
it  will  fwell  from  one  end  to  the  other  like  a  tranf< 
parent  inteftine. 

The  fpinal  marrow  gives  rife  to  about  thirty 
pair  of  nerves.  Thofe  which  come  out  between 
the  vertebrae  of  the  neck  are  thinner  than  the  reft, 
and  are  placed  almoft  tranfverfcly ;  as  we  delccnd, 
we  find  them  running  more  and  more  obliquely 
downwards,  and  when  we  arrive  at  the  fccond 
vertebra  of  the  loins,  the  fpinal  marrow  is  Iplic 
into  numerous  thread-like  fibres,  and  from  its  ap* 
pearance  is  called  cauda  equina,  or  the  horfe*s  tail. 
The  nerves  which  arife  from  the  different  parts  of 
the  brain  and  fpinal  marrow  will  be  treated  of  in  a 
feparate  chapter. 
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structure  and  general  distribution  op 
the  nerves. 

Origin  of  tbi  Neroes^'^Extrime  fubtility  oftbi  Nemfo^s  Fibres. "^ 
QanglioHs^^^PUxuij''^Foniana^ s  Microfcopical  0hfir*uati9ns  on 
I^tr^es.'-^'Nimjes  from  the  Brain.^-^lfa^torj  and  Of  tic  Ntrvesp 
Iffc. — Auditory  Ner*ves,  i^c^Lingual  Ner'veM,  ^^.^^Symfa* 
thetic  Nemfe.^^Ner<ves  from  the  Spinal  Marrofw*''^Pbrenie 
Nerve  ^'•^Dorfal  and  Brachial  Nerues,  Vc^^^Lnmhar  and 
Crural  Nerves^  (^c^^Sciaiic  Ner*ve. 

NERVES  are  white  cords  diftributcd  from 
the  brain  over  the  whole  body ;  they  rife, 
as  was  intimated  in  the  preceeding  chapter,  eidicr 
immediately  from  the  brain  or  mediately  from  it 
by  means  of  the  fpinal  marrow,  which  is  itfelf  a 
continuation  of  the  fibres  of  the  brain,  and  might 
without  impropriety  be  confidered  as  the  largeft 
nerve  in  the  body.  The  nerves,  as  they  pafe  off 
from  the  brain  and  fpinal  marrow  are  invefted,  and 
coUefbed  into  firm  cords,  by  the  dura  and  pia  ma- 
ter^ The  former,  however,  is  foon  refleded  back, 
but  the  latter  accompanies  theni  through  all  their 
ramifications,  and  is  fuppofed  to  be  only,  thrown 
afide  where  they  terminate  in  their  fentient  ex- 
trehiities. 

As  the  medullary  fibres  arc  obfcrved  to  decuf- 
fate  each  other  in  different  parts  of  the  brainy  an<J 
as  injuries  of  one  fide  of  the  head  have  ofi:en  been, 
obferved  to  produce  a  palfy  of  the  oppofite  fide  of 
the  body,  It  has  been  fuppofed  that  all  the  nerves 
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originate  from  the  fide  of  the  brain  oppofite  to  th« 
at  which  they  come  out.  This  opinion,  however, 
is  far  from  being  cftablifhed,  becaufc  a  decuflacion 
in  fome  parts  is  by  no  means  a  proof  that  it  ob- 
tains univerfally ;  and  though  there  arc  inftances 
of  injuries  of  the  head,  which  have  produced  a  palfy 
of  the  oppofite  fide,  there  arc  others  in  which 
the  injury  and  palfy  were  both  on  the  fame  fide. 

Nerves  are  compofed  of  threads  of  the  fmdlncis 
of  which  we  have  probably  no  adequate  idea.  To 
aflift  us  in  forming  one,  we  muft  confider  how 
uniformly  nerves  are  diftributed  to  even  the  nooft 
minute  fibre  of  the  body,  and  yet  were  they  all  con- 
joined,, they  would  not  make  a  cord  of  an  inch 
diameter.  It  is  deduced  frcm  aftual  obfervaiion, 
that  each  fibre  in  the  retina  of  the  eye,  or  expanded 
optic  nfcrve.  Cannot  exceed  in  diameter  the  thirty- 
two  thoufand  four  hundredth  part  of  a  hair. 

Different  nerves  in  their  courfe  often  meet  to- 
gether, and  form  oblong  reddilh  maflfes,  called 
ganglions,  larger  than  the  nerves  which  form  them, 
and  alfo  of  a  firmer  confidence.  Within  the  gang- 
lions the  fibres  of  the  nerves  fcem  to  be  thoroughly 
mixed,  and  to  approach  more  nearly  to  the  nature 
of  medullary  martcr.  By  fome  phyfiologifl:s  gang- 
lions are  fuppofcd  to  be  fmall  brains,  whence  the 
nerves  acquire  new  power  and  energy*  Otiicrs, 
obferving  that  the  nerves  which  fupply  the  mufcles 
of  involuntary  motion,  as  thofe  of  tJie  heart  and 
inleftincs,  are  particularly  fupplied  with  ganglions, 
have  Confidered  them  as  defigned  to  intercept  the 
operation  of  the  wilL  Their  real  ufe  is  unknowr^ 
to  us,  but  from  whatever  caufe  it  may  happen,  the 
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nerves  which  proceed  from  a  ganglion  arc  rather 
larger  than  the  fum  of  thofe  which  fbrnn  it. 

Several  nerves  frequently  nneet  together,  and 
by  numerous  jundlions  produce  an  appeai^nce 
fimilar  to  that  of  net  work,  and  this  is  called  a 
plexus.  ' 

Nervous  cords  have  very  little  elafticity  com*  . 
pared  with  fome  other  parts  of  the  body. 

The  Abbe  Fontana  has  taken  great  pains  to  as- 
certain the  primitive  ftrbfture  of  nerves.  On  ex-* 
amihing  a  number  of  nerves  with  microfcppes  of 
low  powers,  fo  as  not  to  magnify  more  than  four 
or  five  diameters,  they  always  appeared  to  be  fur- 
rounded  with  white  fpiral  bands  not  unlike  the 
eiFeft  which  would  be  produced  by  a  ribbon  twiftcd. 
round  a  cylinder.  The  fpiral  bands  were  fome- 
times  perfcAly  regular,  fo  as  to  be  of  equal  width 
along  the  whole  length  of  the  nerve  examined,  and 
to  leave  a  fpace  of  a  Icfs  bright  colour  of  the  fame 
width  >  between  them ;  at  other  times  they  were 
irregular  and  crofled  each  other  at  uncertain 
diftancesi  this  latter  appearance,  however,  was 
found  on  further  examination  to  proceed  from  the 
nerve  fubmitted  to  examination  being  compofed 
of  many  others:  for  where  he  carefully  feparated  a 
nerve  from  thofe  which  adhered  to  it,  and  examined 
it  by  itfelf,  he  always  found  the  Ipiral  bands  regular- 
He  faw  thefe  appearances  very  plainly  in  nerves 
not  larger  than  a  hair,  with  lenfes  of  very  fn:all 
power,  and  was  therefore  perfuaded  that  this  ap- 
pearance of  bands  was  not  an  optical  illuiion. 

The  fame  nerve,  however,  which  to  the  naked 
eye,  and  by  a  lens  of  fmall  power  exhibited  this 
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appearance,  when  examined  by  a  microfcopc  ol 
high  powers,  appeared  to  confift  merely  of  parallel 
but  twifting  fibres. 

He  next  removed  the  cellular  tiflUe  or  flieath  of 
a  nerve,  without  injuring  its  texture ;  but  ftill  with 
a  microfcope  of  high  powers  he  could  perceive  no- 
thing but  waving  and  twifting  fibres,  and  nothii^ 
but  fpiral  bands  with  the  naked  eye.    After  apply- 
ing, however,  to  thefe  obfcrvations  for  two  or  three 
days,  he  found,  that  by  merely  moving  the  re- 
flefting  mirror,  he  fometimes   faw  twiftmg  fibres 
and  fometimes  fpiral  bands  with  the  fame  lens.   He 
is  therefore  under  a  neceffity  of  giving  up  his  fup- 
pofed  difcovery,  and  of  allowing  that  the  ipiral 
bands  were  merely  an  optical  deception. 

From  his  obfervations  he  can  deduce  no  more 
than  thar  nerves  are  formed  of  a  great  number  of 
tranfparent,  homogeneous,  uniform,  and  very  (imple 
cyliiwiers.  That  thcfe  cylinders  are  formed  by  an 
extremely  thin  tunic,  uniformly  filled  by  a  gelatin- 
ous tranfparent  humour,  which  is  infoluble  in  water  j 
each  of  thefe  cylinders  is  covered  by  an  external 
ftitoth  which  is  compofcd  of  a  great  numberof  twift- 
ing threads.  Many  tranfparent  cylinders  conftitute  a 
nerve  which  is  fcarcely  vifible  to  the  naked  eye, 
and  many  of  thcfe  form  the  nervous  cords  which 
are  fcen  in  animals. 

The  Abbe  Fontana  alfo  fubmitted  to  the  microf- 
cope  the  medullary  and  cortical  parts  of  the  brains 
of  feveral  animals.  In  thefe,  however,  the  appear- 
ances were  pretty  fimllar,  and  the  fubftance  of 
both  appeared  to  be  organic,  vafcuiar^  traniparent, 
and  twifting,  like  intefiines. 

The 
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The  nerves  proceed  from  the  cncephalon  and 
Ipinal  marrow.  Ten  pair  arc  ufually  enumerated 
as  arifing  from  the  former,  and  thirty  from  the 
latter.  I  (hall  firft  dcfcribe  the  origin  and  courfe 
of  thofe  'of  the  cncephalon.  Anatomifts  mention 
thefe  in  the  order  in  which  they  prefcnt  themfelvcs 
vrheti  the  brain  is  lifted  from  the  cranium ;  thofe  ' 
which  come  from  the  anterior  part  of  the  cere- 
brum are  therefore  placed  before  thofe  which  arifc 
lower  down  from  the  cerebellum  and  medulla 
oblongata. 

The  firft  pair  of  nerves  is  the  olfaftory,  which 
proceed  from  the  corpora  ftriataj  they  aJDproach 
the  cribriform  plate  of  the  os  cthmoides,  where 
they  fplit  into  a  great  number  of  filaments,  which 
pafs  through  the  perforations  of  that  bone.  After- 
wards being  joined  by  a  branch  from  the  fifth  pair, 
they  are  fpread  on  the  internal  membrane  of  the 
nofe,  and  conftitute  the  organ  of  fmelling. 

The  fecond  pair  of  nerves  is  the  optic,  which  are 
continued  from  the  thalami  nervorum  opticorum, 
and  are  of  a  large  fize ;  they  firft  make  a  large 
curve  outwards,  and  then  run  obliquely  inwards 
and  forwards,  till  they  unite  at  the  fore  part  of  the 
fella  turcica ;  they  then  divide,  and  each  runs  to 
its  proper  foramen  in  the  fphcnoid  bone.  They  are 
accompanied  to  the  eye  by  the  ocular  artery,  and 
are  at  length  expanded  into  the  tender  and  pulpy 
fubftance  of  the  retina,  which  receives  the  impref- 
fions  of  light.  The  union  of  the  optic  nerves  has 
been  thought  to  explain  fome  phenomena  of  vifidn, 
s^  our  feeing  objefts  fingle  with  two  eyes,  and 
their   uniform  motion.    The  union  of  the  optic 
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nerves  generally  appears  fo  confiderable,  that  (bmc 
gnatomifts  have  thought  that  they  decuflated  each 
other,  and  went  to  the  eye  on  the  oppofice  fide  of 
the  head  from  that  whence  they  arofe.  In  many 
fifties  the  optic  nerves  evidently  crofs  each  other, 
but  this  does  not  feem  to  be  the  cafe  in  man. 
They  are  inferted  into  the  eyes,  not  direftly  at  their 
pofterior  part,  but  rather  towards  that  fide  which 
is  placed  next  the  nofc.  We  are  unable  to  lee 
with  that4)art  of  the  retina  where  the  optic  nerve 
enters. 

The  third  pair  called  motores  bculi  arifcs  from 
the  crura  cerebri,  near  the  pons  Varolii  j  they  run 
along  the  fide  of  the  fella  turcica,  and  •  pafs  out  at 
the  foramina  lacera,  after  which  each  of  them  di- 
vides into  branches  j  one  of  thefe,  after  forming  a 
ganglion,  is  diftributed  to  the  globe  of  the  eye ;  the 
others  are  ient  to  the  mufculus  reftus  of  the  pal- 
pebra,  and  to  the  artollens,  adduAor,  deprimens,  an4 
obliquus  minor  mufcles-of  the  eye  ball. 

The  fourth  pair  of  nerves  called  pathetici,  are 
the  fmallcft  of  all ;  they  arifc  from  near  the 
tubercula  quadrigemina ;  they  pafs  out  at  the 
foramina  lacera,  and  are  entirely  fpent  on  the 
mufculi  trochlcares  or  fuperior  oblique  raufcles  of 
the  eye  balls. 

The  fifth  pair  is  the  largeft  of  thofe  which  pro- 
ceed from  the  head  i  they  rife  from  the  crura 
cerebelli,  where  they  join  with  thofe  of  the  cere- 
brum, to  form  the  tranfverfe  protuberance  or  pons 
Varolii.  In  their  progrefs  they  appear  thicker  at 
the  fides  of  the  fella  turcica,,  where  each  forms  a 
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diftin£t    ganglion,    from    which    proceed    three 
branches,  which  pafs  out  of  the  cranium. 

The  firft  branch  of  the  fifth  pair  is  the  opthal- 
mic  ;  it  paffes  out  of  the  foramen  lacerum,  and  is 
in  its  paflage  conneftcd  with  the  fixth  pair;  it 
afterwards  communicates  with  the  firft  and  third 
pairs,  and  is  chiefly  fpent  oij  the  orbit  and  the  ap- 
pendages of  the  eye.  One  branch  paflcs  through 
the  foramen  fuperciliare  of  the  os  fronds,  to  be  dif- 
tributed  on  the  forehead. 

The  fecond  branch  of  the  fifth  pair  is  chiefly 
fpent  on  the  parts  of  the  upper  jaw,  and  is  there- 
fore called  maxillaris  fuperior  ;  it  is  diftributed  on 
the  upper  jaw  bone  and  its  teeth,  on  the  fore  part 
of  the  palate,  the  cheeks,  upper  lips,  and  noftrils. 
This  branch  communicates  with  the  fixth  pair 
of  nerves,  and  with  the  portio  dura  of  the  feventh 
pair. 

The  third  and  moft  confiderable  branch  of  th« 
tifth  pair  is  the  maxillaris  inferior ;  part  of  this 
is  loft  in  the  tongue  j  another  part  goes  to  the 
teeth  of  the  lower  jaw,  to  each  of  which  it  fends  a 
feparate  twig  5  it  is  partly  alfo  diftributed  on  the 
mufcles  of  the  lower  jaw. 

The  fixth  pair  of  nerves  is  fmall,  and  is  chiefly 
diftributed  on  the  abdudtor  mufcle  of  the  eye  j '  it 
arifes  from  the  forepart  of  the  corpora  pyramidalia, 
and  in  ks  progrefs  towards  the  foramen  lacerum 
paflcs  through  the  receptacula  at  the  fides  of  the 
fella  turcia,  where  it  is  immerfed  in  blood,  but  for 
what  purpofe  is  unknown.  In  the  paflage  of  this 
nerve  below  the  dura  mater,  it  lies  very  contiguous 
to  the  carotid  artery,  and  at  this  part  a  twig  from  it 
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defcends  widi  the  artery  to  form  the  beginniag  of 

the  intcrcoftal  nerve. 

The  feventh  pair  comes  out  from  the  lateral  part 
of  the  tranfvcrfe  protuberance,  and  appears  to  be 
double,  each  being  accompanied  with  a  larger 
artery  than  moft  other  nerves ;  it  then  enters  the 
internal  meatus  auditorius,  where  it  feparates  into 
two  diftinft  portions ;  one  of  thefe  goes  to  the 
internal  parts  of  the  ear,  and  is  there  expended  in' 
producing  a  pulpy  membrane  refembling  the  retina; 
this  divifion  of  the  nerve  is  called  the  portio  nnollis ; 
the  other,  the  portio  dura,  communicates  with  the 
fifth  pair,  and  piercing  through  the  parodd  gland  is 
divided  into  numerous  ramifications  which  are  ipent 
on  the  upper  part  of  the  neck  and  fide  of  the 
head. 

The  eighth  pair  of  nerves,  which  from  the  length 
of  its  courfc  and  the  variety  of  parts  to  which  it  is 
diftributed  is  called  par  vagum,  arifes  from  the 
lateral  bafes  of  the  corpora  olivaria  in  (eparatc 
fibres.  The  eighth  pair  is  foon  joined  by  the  ncrv- 
us  acccfforius  which  is  derived  from  the  tenth  pair 
of  nerves,  and  from  fcveral  of  thofe  of  the  necki 
thus  united,  they  pafs  out  of  the  cranium  through 
the  fame  opening  with  the  internal  jugular  vein ; 
w*hen  they  get  out  of  the  cranium  the  nervus  ac- 
ceflbrius  leaves  the  eighth  pair,  and  palling  through 
the  fterno  maftoideus  mufcle,  is  diftributed  on  that 
and  the  trapezius.  The  eighth  pair  now  difperfes 
various  branches  to  the  tongue,  larynx,  and  pharynx, 
which  are  united  with  branches  of  the  fifth  pair,  with 
the  portio  dura  of  the  feventh  pair,  with  the 
recurrent  nerve,  with  the  great  intcrcoftal,  and  with 
the  ninth  pair  and  all  the  cervical  nerves.     Being 
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ieparaced  from  thefe  nerves  it  rans  down  on  the 
external  fide  of  the  carotid  artery,  and  as  it  is 
about  CO  enter  the  thorax  a  confiderable  nerve 
called  the  recurrent  is  fcnt  oflF  on  each  fide. 
The  right  recurrent  nerve  takes  a  turn  round  the 
right  fubclavian  artery,  and  the  left  round  the  aorta } 
4nd  both  of  them  running  up  again  at^  the  fide  of 
the  cefophagus  to  which  they  give  branches,  are  Ipenc 
on  the  parts  of  the  larynx.  We  find  from  many 
inftanccs  that  nerves  court  the  neighbourhood  of 
arteries,  but  what  are  the  purpofes  of  fuch  a  diftri- 
budon  it  is  not  eafy  to  determine. 

At  the  part  from  which  the  recurrent  nerves  arife, 
are  alfo  fent  ofi^  twigs  which  join  with  the  branches 
oftheintcrcoftal,  and  which  are  diftributcd  on  the 
heart,  where  they  form  a  plexus  on  the  pericardium. 
The  two  trunks  of  the  eighth  pair  now  defcend  by 
the  cefophagus  to  the  llomach,  where  plexufes 
are  produced,  whence  the  ftomach  is  plendfully 
fupplied  With  nerves,  and  fome  are  fent  to  tl^ 
diaphragm,  the  liver,  and  the  pancreas.  From 
thefe  are  fent  branches,  which  contribute  to  form 
plexufes  on  the .  fpleen  and  kidneys.  Near  the 
celiac  artery  the  eighth  pair  alfo  unites  with  the 
great  femi-lunar  ganglion,  formed  by  the  two  in-  ^ 
tcrcoftal  nerves^  I  have  been  the  more  particular 
with  re^rd  to  the  eighth  pair  of  nerves,  merely  to 
give  the  reader  an  idea  of  the  -vtry  complex  manner 
in  which  the  nerves,  are  united  to  each  other,  and 
to  evince  the  careful  provifion  which  is  made  to 
fupply  the  moft  important  vifcera  from  a  variety 
of  fourccs. 

The 
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The  ninth  pair  or  Ungual,  rifes  fh>m  the  infrrior 
part  of  the  corpora  pyramidalia  and  pafles  out 
through  the  occipital  bone.  After  they  have  arrived 
on  the  outfide  of  the  cranium  they  adhere  firmly  for 
fome  way  to  the  eighth  and  the  intercoftal>  then  after 
fending  a  branch  to  communicate  with  the  cervical 
nerves  they  enter  the  tongue  and  are  loft  in  its  fiib- 
ftance. 

The.  tenth  pair  of  the  head  is  by  fome  anatomifts 
confidered  as  the  firft  of  the  vertebral.  It  rifcs  by 
fcparate  threads  from  the  fide  of  the  (pinal  marrow, 
pafles  out  between  the  os  occipitis  and  firft  vertebra 
of  the  neck,  and  after  having  given  branches  to  the 
great  ganglion  of  the  intercoftal,  and  fome  of  the 
cervical  nerves,  is  loft  in  the  adjoining  mufcles. 

It  has  been  already  mentioned  that  a  branch  of  the 
fixthpair  of  nerves,  joined  by  atwigfiom  the  fifth,  ac- 
company the  internal  carotid  artery  through  its  bony 
channel,  and  pafling  out  of  the  cranium,  conflitute 
the  beginning  of  the  great  intercoftal  or  fympathe- 
tic  nerve.  As  foon  as  the  nerve  has  got  without 
the  cranium,  it  is  conneftcd  a  little  way  with  the 
eighth  and  ninth  pairs;  feparating  from  thefe  it 
forms  a  large  ganglion,  into  which  enter  branches 
from  the  tenth  of  the  head  and  from  the  firft  and 
fecond  pairs  of  the  cervical  nerves.  Thence  run- 
ning down  the  neck  with  the  carotid  artery,  and 
diftributing  nerves  to  the  adjoining  mufcles,  it  forms 
another  ganglion  ak  it  is  about  to  enter  the  thorax, 
whence  nerves  arc  lent  to  the  trachea  and  heart; 
thole  which  go  to  the  heart  being  united  with  nerves 
from  the  eighth  pair.  Below  ^he  fubclavian  artery 
the  fibres  of  the  intercoftal  unite  to  form  a  third 

ganglion. 
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ganglion.  After  this  the  trunk  of  the  intcrcoftal 
pafles  down  by  the  fpinc,  clofe  to  the  tranfverfe 
procefles^  through  the  cavity^  of  the  thorax.  In 
ilm  couirfe  all  the  dorfal  nerves  as  they  come  from 
the  fpifie  contribute  tQ  its  increafe  by  the  addition  of 
t?wigs  on  each  fide.  Defending  ftill  lower  it  re- 
ceives fimilar  accefiions  from  tlie  nerves  which 
come  out  between  the  lumbar  vertebrae  and  on 
fecrum.  At  the  extremity  of  the  os  coccygis  die 
intercoftals  of  the  oppofite  fides  are  turned  inwafds 
aiid  unite  with  each  odier.  The  intercoftal  is 
krger  in  the  thorax  than  it  is  either  above  0/  be-* 
low. 

From  the  part  whence  the  fifili,  fixth,  fevcnth, 
eighth  and^  ninth  dorfal  nerves  are  fent  to  the  in-* 
fiercoftal^  come  out  as  many  Jwanches,  w^ich  form 
an  anterior  trunk  called  the  fmall  inteicoftai  nerve. 
This  pafies  thirough  the  pofterior  part  of  the  diar 
phragm  to  form  with  the  grtcat  iotercoftalpf  the  op- 
pofite fide,  and  with  theeighth.pairyalarge£emi-lunar 
ganglion,  fituated  between  j:he  caeliac  and  fuperiojr 
mefenteric  arteries.  From  this  gaiigtion,  as  from 
a  centre,  nerves  are  ient  to  the  liver,  pancreas^ 
ipleen,  duodenum,  jgunum^  ileum,  and  a  large 
partof  the  coIoil 

Several  fibres  alfo  palfing  downwards  oil  thcf 
aorta  are  joined  by  other  nerves  from  the  pofterior 
trunk  of  the  intencoftal,  and  form  plexufes  which 
fupply  the  kidneys^  glandular,  fuprarenales,  &c. 
They  alfo  form  a  plexus  about  the  inferior  mefen- 
teric artery,  which  accompanies  its  branches  to  that 
part  of  the  colon  which  lies  at  the  left  fide  of  the 
abdomen,  aq4  to  the  return. 

Vol.  III.  Y  The 
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The  firft  cervical  pw  of  nerves  comes  out  be- 
tween the  firft  and  fecond  cervical  vertchne^  die 
iccond  cervical  pair  between  the  fecond  and  third. 
Thefe  nerves  communicate  with  each  other  and 
with  thofe  nerves  of  the  head  which  pais  down  cq 
fhe  neck.  1  hef  are  aiterwurds  chiefly  fycnt  on 
$he  extenibrs  of  the  head^  the  levators  of  the  ica- 
pulse,  and  the  neighbouring  integuments. 

The  third  cervical  nerve  pafl[es  from  the  ipinal 
«iarrow,  between  the  third  and  fourth  vertebrae^  and 
joining  with  the  fourth  cervic^^  forms  the  phrenic 
nerve^  which  pafliss  down  by  the  fubclavian  veflfek 
in  its  way  to  the  diaphragm,  on  which  it  is  expended. 
The  other  branches  of  the  third  pair  are  diftributed 
to  the  mufdes  of  the  neck  and  top  of  the  Ihoulder. 
Hence  it  has  been  attempted  to  account  for  the  pain 
at  the  top  of  the  right  fiioulder  in  ipflammatbns  of 
the  liver.  The  diaphragm  is  fuppofed  to  be  afleded 
either  by  its  conta£i:  with  the  Hver,  or  by  the  in- 
dreaibd  weight  of  that  vifcys  pulling  it  downwards  i 
^tid  the  ihoulder  is  thought  to  fympathize  with  the 
idiaphragrn,  becaufe  it  receives^  nerves  from  the 
ikme  foiirce.  1  his  explanation,  however,  is  very 
un&tis&£toryi  (ince  nothing  is  more  common  thaq 
for  parts  to  be  fupplied  by  the  fame  nerves  without 
having  any  fuch  iympathy. 

The  fourth  cervical  nerve,  after  having  given  oflr 
that  branch  which  joins  with  the  third  to  form  the 
phrenic,  pafies  to  the  axiUa,  where  it  forms  a  plexus 
with  the  afihy  (ixth,  and  fe venth  cervical  nerves,  and 
with  the  firft  of  the  (Jprfal.  After  giving  feveral 
l^onfiderable  nerves  which  arc  diftributed  oH  the 
^ufcles  of  the  thorax^  they  form  fcycral  branches 

which 
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"which  pais  down  on  the  arm,  and  fupply  the  whole 
fupenor  extremity. 

The  dorlal  nerves  are  twelve  in  number,  and  aS 
<:ontribute  to  the  formation  of  the  great  intercofbd. 
The  firft  of  the  dorfal  nerves  differs  from  the  reft 
in  contributing  to  the  formation  of  the  brachial 
Jierves,  and  in  forming.a  large  ganglion  with  the  ja* 
tercoftal  nerve. 

The  dorfal  nerves  aUb  give  tranches  backward$ 
to  the  flrong  mufcles  fituated  on  the  fpine,  aoi} 
which  fcrve  to  ereft  the  body^  Their  princips^ 
trunks  accompany  the  intercoflal  arteries  in  th^ 
groove  at  the  bottom  of  each  rib,  and  are  diftri- 
<buted  with  (hem  to  the  fides  and  anterior  parts  of 
xhe  thorax.  The  fix  lower  dorfal  nerves  alfb  give 
tranches  to  the  diaphragm  and  abdomen.  The 
itwelfth  joins  thte  firft  and  fecond  of  the  lumbar,  and 
bellows  nemres  on  the  quadratus  lomborum,  pfoas, 
and  iliaciis  internus. 

The  fipft  and  fecond  of  the  lumbar  nerves  fend 
Jbranchesj  which  join  with  others  firom  the  third  and 
fourth,  and  form  a  large  nerve  which  jpafles  through 
xhe  foramen  thyroideum,  and  is  fpeni;  on  the  mufcks 
and  integuments  at  the  infide  of  the  thigh;  it  is  called 
the  obturator  or  pofterior  crural  nerve.  By  branches 
from  the  four  upper  lumbar  nerves  is  alfo  formed 
the  anterior  crural  nerve,  ,which  pafles  out  of  the 
.abdomen  under  the  ligament  of  Fallopius,  and  is 
diftributed  on  the  integuments  zxA  mufcles  at  the 
fore  part  of  the  thigh.  A  branch  of  this  nerve  alio 
;ittends  the  vena  faphena  to  the  foot. 

The  fourth  and  fifth  lumber  nerves  cottfribute 
with  tbe^  three  fuperior  facral  nerve;  to  form  the 
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laiTgcft  nerve  of  the  body,  the  fciatic.  This  ncrve> 
nfter  giving  nerves  to  the  mufcles  about  the  hips, 
miles  behind  the  tuberofity  of  the  ifchium,  and  then 
downwards,  clofc  to  the  pofterior  part  of  the  os  fe- 
moris.  Diftributing  nerves  through  its  whole  pro- 
grefs  it  runs  down  the  back  part  of  the  leg,  and 
terminates  in  the  folc  of  the  foot.  The  fburdi,  fifth, 
and  fixth  anterior  (acral  nerves  are  much  fnnalkr 
than  the  fuperior,  and  are  chiefly  diftributed  on  the 
bladder,  reftum,  and  anus.  Small  nerves  pais 
throughr  the  pofterior  openings  of  the  os  (acrum, 
which  are  diftributed  on  the  hips  and  neighbouring 
mufclcs. 

Nerves  may  more  properly  be  faid  to  be  con- 
nefted  with  the  brain  than  to  be  produced  from  it, 
iince  foetufes  have  been  bom  with  a  brain  not  larger 
than  a  hazel  nut,  and  yet  with  nerves  of  the  uiual 
fize. 

The  ufes  of  the  nerves  are  very  important,  but 
are  beft  difcovered  from  obfcrving  the  eflfcft  of  their 
abience.  When  a  nerve  is  cut  or  tied,  the  part  to 
which  it  belonged  is  inftantly  deprived  of  fenfation, 
and  the  will  has  no  longer  any  command  over  it. 
The  nerves  are  therefore  the  inftruments  of  fcnia- 
tion,  and  the  organs  by  means  of  which  the  brain 
maintains  a  corhmunication  with  the  moft  diftant 
parts  of  the  body. 

After  having  coniidered  the  ftrudhire  of  the  dif- 
ferent parts  of  the  human  body, /ran  we  refrain  from 
pauRng  a  few  moments  to  contemplate  fo  wonder- 
fol  a  fabric  ?  But  man  is  only  a  fingle  inftance  of 
the  wifdom  of  Providence ;  every  part  of  the  world 
contains  animals,  the  ftrufture  of  which  is  not  lefs 
5  (Complex 
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coAiplcx  thajn  our  own,  and  the  conftltution**  of 
which  are  fuiced  to  the  climates  they  inhabit.  Atf 
of  them  are  furniflied  with  organs  for  their  fub- 
fiftehce,  fheir  defence^  and  their  enjoyment,  and 
thcle  organs  are  adapted  to  their  feVeral  neceflities, 
and  have  correfpohding  relations  in  the  objeds,  as 
well  animate  as  inanimate,  which  fu'rround  thenV. 
Not  only  the  furfate  of  the  earth,  however,  biit  the 
atmofphere,  the  ocean,  the  herbage,  the  foil,  teem 
with  the  animal  creation.  How  far  this  iyftem  may 
extend  we  know  nof ;  but  obfervatibri  has  hithcrtof 
continually  enlarged  our  profpedfs,  withoOt  marking 
a  (ingle  limit ;  and  it  is  not  improbable,  that  the 
animal  which  dwells  on  the  body  of  another,  may 
itfelf  be  a  theatre  of  Ufe,  on  which  ftiH  more  minute 
animals  take  their  fport  and  paftimd 

From  thefe  views  fliatl  we  turn  to  the  heavenly 
bodies,  and  fuppofe  tRit  luch  vaft  maflfes  of  mattef 
arc  deftitute  of  inhabitants  ?  The  planets  as  well  as 
the  earth  receive  the  rays  of  tlie  fun,  and  fome  of 
them  which  are  far  removed  from  his  light,  are  for- 
nilhed  with  moons.  ^  Wertf  thefe  mbons,  which  are 
only  vifible  by  the  telelcope,  defigried  for  our 
amufement,  or  for  the*  ufe  of  beingS  placed  fuf- 
ficiendy  near  to  profit  by  their  inftucncc  ?  What* 
Ihall  we  think  of  thofc  ftill  larger  bodies,  the  ftars^ 
which  multiply  upon  us  without  end,  in  proporuont 
as  we  are  fumilhed  with  more  extenfive  nneans  of 
obfcrving  them.  But  the  Deity  has  placed  nKy 
bounds  to  our  admiradon ;  (or  he  has  mWde  fpace 
appear  to  the  human  mmd  neceflarily  infinite,  and 
timci  everlafting. 
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The  figure  in  the  annexed  pkte  (XIV.)  rc- 
prefents  the  diftribution  of  die  nerves. 
a,  A  part  of  the  firft  branch  of  the  fifth  pair  of 

nerves^  called  the  ophthalmic  branch,  goinQ 

out  of  the  orbit>  and  winding  upon  the   fore- 
head. 
tj  The  orbital  branch  of  the  fecond  branch  of  the 

fifth  pair,  going  out  at  die  foramen  below  the 

orbit,  anddiflributing  its  branches  on  the  lower 

part  of  the  face  below  the  eye. 
€,  A  part  of  the   maxillary  branch  of  the  third 

branch  of  the  fifth  pair  of  nerves,  going  out  by 

a  canal  in  the  lower  j^w-bone  by  the  fide  of  the 

chin  and  lower  lip. 
1/,  The  trunk  of  the  eighth  pair,  of  nerves,  joined 

with  the  recurrent  nerve. 
it  The  trunk  of  the  eighth  pair  of  nerves  cut  pfi^. 
/,  The  Ipinal  recurrent  nerve  ^,  A  branch  of  it 

belonging  to  the  cleidomaftoideus  and  flcmo- 

maftoideus  mufcle. 
i>,  The  conjunftion  of  the  recurrent  nerve  with  the, 

third  of  the  cervical  nerves.     Afterwards  the 

recurrent  winds  backwards* 
i.  i.  ij  The  left  intcrcoftal  nerve. 
k.  The  upper  cervical  ganglion  of  the  intercoilaL 

n^ve. 
4  A  branch  of  the  fecond  cervical  nerve,  going  to 

join  the  ganglion  k. 
m,  A  branch  of  the  firft  cervical  nerve^  goiqg  t» 

the  fame  ganglion  k. 
»,  0,  Branches  from  the  cervical  ncrvesj  goiog  to 

the  intcrcoftal  nerve, 
8  AThc 
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/,  The  ganglion  of  the  intercoftal  nerve  in  the  up- 
per part  of  the  thorax. 

j,  y,  &c.  Branches,  by  which  the  intercoftal  nerve 
is  conjoined  with  the  Ipinal  nerves  j  viz.  by 
the  fcventh  and  eighth  of  the  cervical,  and  all 
the  dorfal  sind  lumbar. 

r,  s.  The  extremity  of  the  intercoftal  nerve,  be- 
longing to  the  firft  nerve  r,  and  the  fecond  s  of 
the  OS  facrum. 

f,  A.confiderable  ncrve^  arifing  from  the  intercoftal 
near  the  vertebra;  of  the  back ;  here  indeed 
it  has  fix  beginnings,  according  to  thofe 
branches  by*  which  the  intercoftal  is  joined 
If^ith  the  fourth,  fifth,  fixth,  feventh,  eighth, 
and  ninth  dorfal.  Which  nerve,  here  cut  off^ 
pAflfes  through  the  diaphragm  into  the  abdo^ 
men,  where  it  joins  itfclf  with  the  eighth  p^ir  of 
nerves  of  die  brain,  and  with  other  branches  of 
the  intercoftal  nerve,  &g. 

Ki  A  branch  of  the  intercoftal  nerve.. 

w,  w,&c.  Branches  by  which  the  right  intercoftal 
nerve  is  joined  with  the  fpinal  nerves. 

k^y,  Thofe  branches  of  the  right  intercoftal,  which 
r,  J,  reprefcnt  of  the  left 

iK,s:,  Branches. 

A,  A>  Branches^ 

B,  B,  The  firft  pair  of  cervical  nerves. 

C,  C,  Branches,  by  which  the  fccond  pair  of  cer- 

vical nerves  is  joined  with  the  third. 

D,  D,  The  fecondpair  of  cervical  nerves. 

£>  £>  Branches,  by  which- the  thii:d  pair  of  cervical 

nerves  is  joined  with  the  fourth. 
F,  F,  The  third  pair  of  cervical  ijcrvcs. 

Y  4  T^ 
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G,  G,  The  fourth  pair  of  cervical  ncnres. 

H  I  K,  H  I  K  L,  The  phrenic  nerves,  arifiag  bj 
two  brigins,  the  one  H  from  the  fourth  ccn- 
vical  pair>  and  the  other  I  from  the  fifth. 
K,  K>  Their  trunks,  the  IcJft  of  which,  upon 
.  account  of  the  point  of  the  heart's  being  turned 
totJie  left  fidc^  is  bended  towards  the  Icfe 
L,  The  extremity  of  the  rig^t,  branched  out 
upon  the  diaphragm. 

M,  M,.  The  fifth  pair  of  cervical  nerves^ 

N,  Nj^  The  fixth  pair  <^  cervical  nerves. 

Q,  O,  Tlie  fcventh  pair  of  cervical  nerves. 
.  P,  P,  Branches  of  the  firft  pair  gf  Horfal  nerves^ 
going  to  join  the  eighth  pair  of  cervicals^ 

Q,  R,  &c.  The  coftal  branches  of  the  dorial  nerves, 
which  run  according  to  the  length  of  the  ribs. 
Q^.Q^  The  firft,  R,  R,  the  fecond,  S,.S,  the 
third,  T,  T,  the  fourth,  U,.U,  the  fifth,  V,  V, 
the  fixth,  W,  W,  the  fcventh,  X,  X,  the 
eighth,  Y,  Y,  the  ninth,  Z,  Z,  the  tcndi, 
(»,.«,  the  eleventh,  j3,  |3ythc  twelfth. 

Jy  A  branch  of  the  fecond  coftal  nerve,  which  pafles 
through  the  external  intercoftal  mufcle,  imme- 
diately under  the  origin  of  the  ferratus  magnus, 
which  proceeds  from  the  fecond  rib  j  after- 
wards it  bends  itfelf  backwards  according  to 
the  diredbioa  of  the  origin  of  the  fcrratus  mag« 
nus,  and  then  diftributes  itfelf  upon  the  out« 
fide  of  thelatiflimus  dorfi  under  the  (kin. 

iy  A  fimilar  branch  of  the  third  coftal  nerve,  paflingf 
through  in  the  fame  manner,  and  diftributed  * 
as  the  former* 

|,  A  fimilar 
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^,  A  fimilar  branch  of  the  foiirch  coftial  nervc» 
which,  when  it  has  got  under  the  (kin,  winds 
partly  backwards^  and  partly  fbnlianls  and 
downwards. 

n,  A  fimilar  branch  of  the  fifth  coftal  nervc>  which 
pafles  firft  through  the  external  intercoftal 
mufclci  then  through  the  head  of  the  external 
oblique,  that  part  of  it  which  rifes  from  the 
fifth  rib,  and  afterwards  runs  along  under  the 
fkin. 

9,  i>  X,  Branches  of  the  feventh  0,  the  eighth »»  and 
the  ninth  coftal  nerve  x,  diftributcd  to  the  in- 
ternal pare  of  "the  external  oblique  mufck  of 
the  abdqpien. 

A,  A  branch  of  the  tenth  coftal  nerve^  which,  after 
having  pafied  through  the  external  intercoftal 
mufcle  and  the  tranfverfe,  runs  forwards  be- 
tween the  tranfverfe  and  internal  oblique  muf- 
cles  towards  the  redtus  mufcle,  and  pafles 
through  it  likewife  by  the  aponeurofes  of  the 
oblique  mufcles  to  the  parts  below  the  fkin. 

fA,  A  branch  of  the  eleventh  coftal  nerve>  which 
follows  the  fame  courfe  with  that  of  the 
tenth,  X. 

y,  A  branch  of  the  tenth  coftal  nerVe,  beftowed 
upon  the  infide  of  the  internal  oblique  muicle. 

S>  A  branch  of  the  eleventh  coftal  nerve^  beftowed 
the  fame  way  as  the  laft,  y. 

f ,  ir,  Thefe  appear  to  be  branches  of  the  twelfth 
coftal:  nerve,  running  between  the  tranfverfe 
and  internal  oblique  mufcles. 

frXhii 
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fy  This  is  a  branch  of  the  (irft  pair  of  lumbar 
nerves^  running  likewife  between  the  tranfVerie 
andifiternal  oblique  mufcles. 

r,  «■,  Branches  of  the  twelfth  pairof  co(hd  nerves. 

T,  T,  The  firft  pair  of  lumbar  nenres* 

©,  A  branch  of  the  firft  pair  of  lumbar  nenres. 

fy  The  fecond  pair  of  lumbar  nerves. 

y^  The  fecond  of  the  lumbar  nervesi  joins  with  the 
third,  and  with  the  uppfcr  root  of  the  nerve  i. 

ij/,  A  nerve,  marked  *,  on  the  left  fide,  arifing  here 
by  a  double  origin,  one  from  the  firft  pair  of 
lumbar  nerves,  and  the  other  from  the  fecond. 

«,  The  third  of  the  lumbar  nerves. 

r.  The  fourth  of  the  lumber  nerves. 

A,  A  br^ch,  which  is  fent  from  the  fourth  pair  o/ 
lumbar  nerves  to  join  the  fciatic. 

e,  ©,  The  fifth  pair  of  lumbar  nerves* 

A,  A,  The  firft  pair  of  nerves  of  the  os  facnim^ 
jr,S,  The  fecond  pair  of  nerves  of  the  os  iacrutii< 

That  on  the  right  fide  is  joined  by  an  intcr^ 

mediate  branch  with  the  third. 
n,  n,  The  third  pair  of  nerves  of  the  os  {acrum^ 
Z,  I,  The  fourth  pair  of  nerves  of  the  os  facrum^ 
*,  A  nerve,  whofe  origin  is  marked  "¥  on  the  left 

fide,  emerging  from  the  great  pfoas  mulclci 

and  going  down  along  with  it  into  the  groin^ 
Y,  A  nerve,  which  arifes  by  a  double  origin  from 

the  fecond  lumbar  oefVe  f >  where  its  roots  are 

cut  through. 
A,  A  branch  of  the  crural  nerve,  iidikh  is  con-^ 

joined  into  one  with  the  nerve,  <}/• 

f,  I,  A  confidcrable  ncrVc  on  elach  fide,  which 

acifing  by  two  root^  the  one  from  the  fecond 

and 
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and  third,  and  tbe  other  from  tht  fourth  of  the 
lumbar  nerves,  runs  down  firft  under  the  great 
pfoas  mufcle,  then  by  the  fide  of  the  pelvis  to 
the  upper  part  of  the  foramen  thjrroideum, 
•where  it  divides  into  two  branches,  the  an- 
terior,. 2,  and  the  pofterior,  3. 

a.  The  anterior,  goes  out  immediately  above  the 
obturator  mufcle  by  a  finus,  in  the  upper  part 
of  the  foramen  thyroideum. 

3,3,4,  The  pofterior,  paffes  through  the  fame 
finus,  and,  running  immediately  down  between 
the  two  obturators,  gives  a  branch  to  the  ex- 
ternal s  it  goes  out  then  by  that  external 
branch,  4. 

5,  The  fciauc  nerve* 

6,6,  The  crural  nerves. 

7,  7,  Branches  of  the  crural  nerves,  going  to  the 
internal  iliacs. 

Sj  8,  The  external  branches  of  the  crural  nerves, 
which,  running  down  the  thighs,  give  branches 
to  the  internal  iliac  mufcles,  the  mufculi  refti 
of  the  leg,  the  vafti  interni,  the  crurei,  and  the 
vafti  externi. 

9,  9,  The  internal  branches  of  the  crural  nerves^ 

which  run  down  the  thigh,  and  in  their  courfe 
give  off  branches  to  the  vafti  interni 

10,  10,  The  roots  of  the  nerves, 
11,1  II,  The  roots  of  the  nerves. 

12,  Here,  the  internal  branch  of  the  right  crural 
nerve,  emerging  between  the  raufcles  gracilis 
and  fartorius,  is  cut  offl " 

I  J,  The  root  of  that  branch* 

^4»,The 
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14,  The  internal  branch  ^of  the  left  crural  nerve 
cut  offl 

15,  15,  Branches  of  the  fciatic  nerves.     Thcj  pro- 

duce the  branches,  17,  17,  18,  19,  20,  21 : 
of  which  17,  17,  belong  xo  the  long  extenfors 
of  the  toes;  18,  to  the  peroneus  longus;  19 
is  fubcutaneous,\and  divides  itlelf  into  two 
branches,  which  anfwcr  to  the  bfanches  ao 
and  11  \  20,  21,  are  a  variatioh  of  the  branch 
1 9,  dividing  itfclf  fooner  into  20,  a  i . 

22,  12,  The  fifth,  fixdi,  fcvcnth,  and  eighth  pair  of 

cervical  nerves. 

23,  A  branch,  which,  arifingfrom  the  above  nerves 
in  their  courfe  to  the  axilla,  is  diftributed  to 
the  infide  of  the  pcftoral  mufcle. 

24,  A  branch,  which,  ariiiog  in  the  fame  manner 

from  the  above  nerves,  is  beftowed  upon  the 
infide  of  the  ferratus  anticus. 

25,  15,  A  branch,  which,  going  off  like  the  former 

from  the  above  nerves>  belongs  to  tlie  mtiicle 
called  latiflimus  dorfi. 

u6y  A  branch  of  the  fixth  pair  of  cervical  nerves, 
beftowed  upon  the  ferratus  magnus  mufcle, 
running  down  according  to  the  dire&ion  of 
that  mufcle,  and  afterwards  under  the  ladfll- 
mus  dorfi. 

27,  28,  29,  30;  27,  28,  (29,  30.  The  four  Urgjc 
brachial  nerves,  in  which  thofe  running  on 
each  fide  by  the  axillae  principally  tertninate. 
27,  27,  The  firft,  which  in  a  manner  perfo- 
rate the  mufculi  coracobrachiales.  28,  28, 
The  fccond,  which  run  according  to  the  lengifc 
of  the  humerus  as  far  as  the  bending  of  the 

arm» 
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arm,  and  from  thence  by  the  fi>re-armj  down, 
to  the  palm  of  the  hand.  29,  29,  The  third> 
which  run  on  the  back  part  of  the  humeri. 

30,  30,  The  ^urtb,  which  run  down>  accordir^  to 

the  length  of  the  humerus^  to  the  pofterior  part 
of  the  large  condyle,  and  from  thence  by  the 
fore-afm  to  the  palm  of  the  hand. 

31,  A  branch  of  the  diird  brachial  nerve  29. 

32,  The  firft  of  the  brachial  nerves  27,  after  it  has 

run  a  litde  way  under  the  coracobrachialis 
mufclc,  makes  it  way  through  it,  and  after- 
wards runs  under  the  fhorter  head  of  the  bi- 
ceps, giving  branches  to  this,  and  the  internal 
brachial  mufcle;  it  is  cut  off,  at  33. 

34,  A  branch  of  the  firft  of  the  brachial  nerves, 
which  it  fends  off  to  join  the  fecond.  The 
fame  in  the  left  arm. 

35,35,  Here  the  fecond  trunks  of  the  brachial 
nerves  28, 28,  give  branches  to  the  pronatorcs 
and  teretes,  the  radiales  interni,  the  fublimes, 
and  palmares  longi  mufcle?. 

36,  36,  Confiderable  branches  of  the  lecond  bra- 

chial nerves,  which  fend  off  branches  to  the 
profundi,  and  the  long  flexors  of  the  thumbs; 
and  afterwards  37,  37,  get  in  between  thefc 
mufcles,  and  run  down  to  the  pronatores  qua- 
drati  mufcles. 

37,  This  fecond  of  the  brachial  nerves,  pafles 
through  the  ligament  of  the  wrift  on  the  infide; 
afterwards,  39  proceeds  to  the  wrift,  where 
it  divides  itfelf  into  five  branches,  40,41,  42, 
43,  44.    Of  which 

40,  The 
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natprs  and  external  radial  mufcles,  they  pfa^ 
through  the  Ihort  fuppators  46,  46.. 

47,  47,  Nerves  cut  off, 

48, 48,  Branches  of  the  fourth  brachial  nerve  30, 
going  to  the  external  brachial  pfiufcle  49,  49, 
to  the  inc^rnal  ulnar,  50,  to  the  prpfiindua. 

51,  A  branch  of  the  fame^  which  paflcs  under  the 
internal  ulnar  to  the  back  part  of  tfie  extremity 
of  the  fore-arm^  and  makes  a  fubcutaneous 
nerve. 

After  giving  off  this  branch,  the  fourth  brachial 
nerye  runs  before  the  ligament  of  the  wrift  in- 
waitlsy  towards  the  pakn  of  the  hand,  Miere  it 
divides  into  the  branches  52,  53,  54.  Of  which 

5  a,  The  firft  remarkable  one,  fprcadingitielf  in  the 
wrift  under  the  tendons  of  the  profundus  ancj 
the  lumbricales  mufcles,  its  branches  are  difr 
tributed  principally  to  thefe>viz.  the  abdudor 
of  the  little  finger,  the  addudtorof  the  fourtti 
metacarpal  bone,  the  interofleoiis  mufcles,  the 
addudtor  of  the  thumb^  the  Ihprt  flexor  of  the 
thumb,  and  the  abdu6tor  of  the  fore  finger. 

53,  The  fecond,  after  it  has  given  off  the  fubcutar 
nepus  branch  which  is  here  cut  away,  and  anor* 
.V  thcr  to  the  abduftor  of  the  litde  finger,  run# 
along  the  Ijack  part  of  the  little  finger. 

|4,  The  third,  dividing  into  two  at  the  ropts  of  the 
ring  finger  and  little  finger ;  one  branch  runs 
along  the  fide  of  the  little  finger  next  the  ring* 
finger,  and  the  other  along  the  fide  of  the  nng 
finger  next  the  little  fingen 
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Chap.    XXIX. 


CIRCULATION   OF   THE   BLOOD. 

ttrnStwi  tf  thg  Hearty  and  eirculmti^m  im  toU-bUcded  Jmwfolsj^-^ 

Circulation  im  tbt  warm-blooded  Atumah.'^^ComrJe  of  ti^  Biocd 

through  the  LungL-^Thromgh  the  r$Jt  of  the  Body. — Rsumtfica-^ 

tioMs  of  Arteries. -^ValvtdarfiruBmrerf  Feims, — Dijkremt  Jirom 

thefirmaure  of  Lympbaiia. 

TH  £  ftrufture  and  uies  of  the  organs  ccMi* 
cerncd  in  the  drculation  of  the  blood  have 
been  already  confidered^  and  it  was  farther  re* 
marked  that  the  heart  of  man  is  of  a  duplex  con- 
ftru6tion>  in  other  words*  that  it  has  two  auricles 
and  two  ventricles.  With  a  view  to  perfpicuity, 
before  we  proceed  to  the  circulation  in  the  human 
body^  it  will  be  neceflary  to  inention  the  ftrufture 
of  the  heart  in  certain  animals  in  which  it  is  more 
fimple. 

In  frogs,  fcrpcnts,  and  other  cold-blooded  ani- 
mals, the  heart  confifts  of  only  two  cavities,  an 
auricle  and  a  ventricle ;  from  the  auricle  the  blond 
pafles  into  the  ventricle,  from  the  ventricle  it  is 
driven  into  the  arteries,  from  tlift  arferies'it  is  re- 
ceived into  the  veins,  and  by  the  veins  is  again- 
brought  back  to  the  auricle. 

This  being  well  underftood,  it  cannot  be  difficult 
to  comprehend  the  gourfe  of  the  circuliition  in  man, 
and  the  warm-blooded  animals,  in  which  the  only 
difference  is,  that  the  heart  being  double,  or  con- 

lifting 
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lifting  of  four  cavities,  the  blood  performs  two  cir- 
cles inftead  of  one.  From  the  anterior  auricle  the  / 
blood  pafles  into  the  anterior  ventricle ;  from  the 
anterior  ventricle  it  h  condufted  by  the  pulmonary 
artery  to  the  lungs,  arid  from  the  lungs,  the  pul- 
monary veins  bring  it  back  to  the  pofterior  auricle  5 
from  the  pofterior  auricle  it  pafles  into  the  pofte- 
rior ventricle ;  from  the  pofterior  ventricle  it  is  car- 
ried to  every  part  of  the  body,  by  means  of  the 
aorta  and  its  branches,  and  thence  is  again  brought 
b^ck  by  the  vena5  cavae  to  the  anterior  auricle,  " 
whence  it  pt-occedcd.  In  this  manner,  throughout 
life,  the  blood  is  conftantly  performing  two  circles  j 
a  lefler  between  the  heart  and  the  lungs,  and  a 
larger  between  the  heart  and  the  reft  of  the  body.     . 

Th?  two  auricles  and  ventricles  arc  of  equal  ca- 
pacity^ and  correfpond  in  their  contraftions.  From 
tbefe  circumftances  it  is  evident,  that  the  fame 
quantity  of  blood  pafles  through  the  lungs  in  a 
given  time,  as  through  all  the  reft  of  the  body, 
and,  confcqueritly,  that  the  circulation  muft  be 
much  more  rapid  in  the  lungs  than  in  other  parts. 
It  is  fuppofcd  that  about  two  ounces  of  blood  are 
thrown  from  each  ventricle  of  the  heart  at  every 
contraftion. 

The  heart,  however,  though  the  moft  remarkable.i» 
is  not  the  only  organ  of  circulation ;  fince  every 
veflel  through  which  the  blood  pafles  aflifts,  by  its 
contraftile  powers,  to  propel  its  contents.  The  fud- 
den  contradions  of  the  heart,  by  which  the  blood  is 
thrown  into  the  arteries,  occafion  their  pulfation, 
which  is  moft  violent  in  the  large  trunks,  gradually 
becomes  Icfs  remarkable  as  they  ramify  and  recede 
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from  the  heart,  and  is  not  at  all.perccpdble  in  the 
veins,  which  receive  their  blood  from  the  arteries. 
The  contra^ion  of  the  ventricles,  by  which  the 
blood  is  propelled  from  the  heart,  b  called  the 
fyftole ;  the  dilatation,  by  which  the  blood  is  received 
into  them,  the  diaftole* 

The  ftrufture  of  the  heart  in  the  tortoifc  and  fomc 
other  amphibious  animals  is  intermediate  between 
that  of  cold-blooded  animals  and  warm-blooded. 

The  heart  has  two  diftinft  auricles,  without  any 
communication :  and  under  thefc,  there  is  the  ap- 
pearance of  two  ventricles  fimilar  in  (hape  to  thofe 
of  the  latter  clafs  :   but  they  may  be  confidcrcd  as 
one  cavity  j  for  the  ventricle  fends  out  not  only  the 
pulmonary  artery,  but  like  wife  the  aorta;  for  there 
is  a  paffage  in  the  feptum,  by  which  the  ventricles 
communicate  freely,  and  the  blood  pafles  from  the 
left  into  the  right  one.     From  the  aorta  the  blood 
returns  into  the  right  auricle,  while  that  frotn  the 
pulmonary  artery  returns  to  the  left  auricle,  from 
which  it  is  fent  to  the  left  ventricle,  &c.  fo  that 
only  a  part  of  the  blood  is  fent  to  the  lungs,  the 
reft  going  immediately  into  the  aorta;  hence  the 
animal  is  not  under  the  necefEty  of  breathing  fb 
often  as  otherwife  it  would  be. 

The  ends  of  the  arteries  are  the  beginnings  of  the 
veins,  which  uniting,  as  the  arteries  divided,  at 
length  form  large  runks,  which  generally  corre- 
Ipond  with  the  trunks  of  the  arteries,  from  which,  by 
the  medium  of  fmaller  branches,  they  received  their 
contents. 

Bvt 
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But  though  all  arteries  terminate  in  veins, 
yet  the  minutenefs  of  their  ramifications,  before 
this  takes  place,  is  various;  while  fome  tranfmit  the 
l-cd  globules,  others  exclude  them,  and  tranfmit 
nothing  but  ferum. 

A  circumftance  contributing  greatly  to  the  pro- 
grefs  of  the  blood  in  the  veins  is  their  valvular 
ilriidure,  fitting  them  for  deriving  afliftance  from 
preflure  i  and  we  find  accordingly  in  the  limbs,  and 
wherever  elfe  any  advantage  could  be  obtained  from 
this  circumftance,  that  the  veins  are  furnifhed  with 
Valves,  while  in  the  cavities  of  the  body,  where 
ichey  are  not  fo  much  preffed  by  the  aftlon  of  muf- 
cles,  this  part  of  their  ftrufture  is  wanting. 

The  monon  of  the  fluids  of  the  valvular  lympha- 
tic fyftem  is  quite  diftinft  from  the  circulation  of  thie 
blood.  Thcfe  veffels  begin  by  open  mouths,  which 
perform  the  office  of  abforption,  and  their  contents 
are  not  derived,  like  thofe  of  the  red  veins,  from  the 
extremities  of  arteries ;  their  fluids  are  therefore 
jpropelled,  without  any  aid  from  the  heart,  by  their 
own  contraftile  powers. 

The  mpft  remarkable  funftions^  to  which  the 
circulation  of  the  blood  is  fubfervient,  are  fecretion, 
the  nourifhment  of  the  body,  and  certain  changes 
which  the  blood  undergoes  in  its  paflTage  through 
the  lungs;  of  thefe  itwill  be  proper  to  treat  in  the 
chapters  immediately  fucceeding* 
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Chap.    XXX- 

SECRETION,   EXCRETION,  ABSORPTION,  AND 
NOURISHMENT. 

Gimral  EffiSs  vf  Secrithtt.f^fhi  Gkuuls.'^Excritim.f^Stcn* 
ti$M  d/BiU.'^How  this  FtmShn  is  firfmrmtd  in  FiJbts.^^Jh^ 
firpii^A'^LjmpJlHaic  Glmrnds^f^N^wrifmimt  9r  Rifaratim  ^ihi 
B9df'!^^B9nn  b€C9mt  mw$JoUd  im  M  Ag: 

THERE  is  no  fundion  of  the  body  which  is 
more  calculated  to  excite  our  aftoniftiment 
and  admiration^  than  that  of  fecretion.  By  iecretion ' 
we  fee  one  fluid,  the  blood,  modified  more  varioufly 
and  more  exquifitely  than  the  human  mind  can 
eafily  conceive,  or  ever  hope  to  explain ;  in  one 
part,  fecreted  fluids,  varying  in  diflferent  races  of 
animals  according  to  their  food,  are  endued  with  a 
power  of  diflTolving  the  aliment,  and  fitting  it  for 
the  nourifliment  of  the  body ;  in  other  parts^  fe* 
cretion  flimifhes  fluids  for  lubricating  the  oi^gans 
concerned  in  the  various  fun£tions  of  th^  animal 
machine.  In  fome  aninids  the  moft  powerfid 
odours,  in  many  the  mofl:  deadly  poiibns,  and  in 
all,  that  wonderful  fluid  by  which  their  race  is  per* 
petuated,  are  the  products  of  fecretion. 

So  far  are  we  from  difcovering.  the  nature  of 
fecretion,  and  the  caufes  of  the  different  properties 
of  the  fluids  which  are  fecreted,  that  we  m  reality 
know  little  more  of  this  ftindion,  than  the  general 
outlines  of  the  flrudture  of  the  parts  concerned  in 
it.  We  fee  a  gland,  with  an  artery,  vein,  and  ex- 
5  crciBry 
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cretory  duft  connefted  to  it,  but  whether  the  fe- 
crcted  fluid  is  formed  by  exudation  through  the 
coats  of  the  minute  arteries  diftributed  in  the  gland> 
or  whether  it  is  poured  out  from  the  open  extre- 
mities of  arteries  into  fmall  receptacles,  and  is 
thence  received  into  the  excretory  duft,  or  in  what 
other  mode  the  change  wrowght  on  the  blood  con- 
veyed to  the  gland  is  eflfcfted,  we  are  entirely  igno- 
rant. So  difierentjliowevcr,  are  the  properties  of 
fccreted  fluids  from  thofc  of  the  blood,  that  it  is 
probable  fomething  more  happens  than  a  mere 
reparation  of  principles,  which  previoufly  exifted  in 
that  fluid. 

By  fome  phyfiologifts  it  has  been  imagined,  that 
fecretion  may  be  explained  on  the  Ample  fuppofition 
of  a  diflference  of  diameter  m  the  vcflfels  froni"  which 
the  fccreted  fluids  are  poured  out.  On  this  idea  it 
has  been  advanced,  that  the  thinneft  fluids  are 
formed  by  the  arteries  of  the  fmalleft  diameter,  and 
the  more  denfc  by  arteries  df  a  larger  fize  j  but  k 
is  evident,  that  though  the  fmaller  arteries  would 
exclude  the  larger  particles,  (till  the  larger  arteries 
would  fuffer  the  fmaller  particles  to  pafs  through 
them,  and  thus  the  fecretion  be  in  fome  meafure 
confoundect 

Excretion,  like  fecretion,  is  performed  in  general 
by  arteries.  The  term  fecretion  is  applied  to  the 
formation  of  thofe  fluids  which  are  fubfervicnt  to 
fome  purpoie  in  the  animal  machihe  i  that  of  ex« 
cretion  to  the  formation  of  fuch  as  are  apparently 
of  no'particular  ufe,  and  which  feem  to  be  feparated 
for  no  other  end  than  to  be  difcharged  from  the 
body.   .It  is  difRcult,  however,  to  apply  thefe  dif- 

Z  3  tindtiona 
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dnftions  to  particular  caies,  fince  there  b  hardfy 
any  one  of  thefe  fluids,  the  produftion  of  which  is 
not  in  fome  way  uleful^and  but  very  few  which  may 
not  be  confidered  as  in  feme  degree  excremcn- 

titious. 

Both  (ccretion  and  excretion  .are  in  many  parts 
of  the  body  performed  by  the  minute  ramifications 
of  arteries  opening  on  the  furface  of  membranes^ 
without  the  intervention  of  glands.  Fluids,  which 
aredefigned  for  the  lubrication  of  paflages,  are  very 
generally  difcharged  into  fmall  bags  or  follicles, 
whence  they  are  exprcfled,  when  their  prelencc  is 
moft  neceflary. 

Few  of  the  fecreted  fluids  are  difchai^d  from 
the  body  exaftly  in  the  ftate  in  which  they  were 
firft  prepared,  but  gradually  become  more  vifcid  or 
acrid  i  fince,  while  they  remain  in  the  receptacles 
deftined  for  their  prcfervation,  their  more  wateiy 
parts  arc  continually  taken '  away  by  the  action  of 
the  abforbents. 

We  have  hitherto  confidered  fecretion  to  be  on 
every  occafion  the  work  of  arteries,  but  it  is  now 
neccflTary  to  take  notice  of  a  remarkable  exception 
to  this  i-ule,  and  to  inform  the  reader,  that  the  moft 
copious  fecretion  in  the  body  is  performed  by  veins. 
The  blood,  which  is  carried  by  the  arteries  to  the 
body  at  large,  is  generally  returned  by  the  rcadieft 
paflages  to  the  heart  j .  but  it  is  ordered  othcr^ife 
with  rcfpeft  to  that  which  is  fcnt  to  the  bowels. 

The  blood  from  the  abdominal  vifcera  is  re- 
ceived by  a  large  vein,  furnifhed  with  remarkably 
denfe  coats,  and  called,  from  entering  the  livfcr  as 
through  a  gate,  the  vena  portarum;  this  vein  isdif* 

tributcd 
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tributcd  through  the  fubftance  of  the  liver,  in  the 
fame  manner  as  arteries  are  diftributed  through 
other  glands. 

The  liver,  however,  is  furnifhed  with  an  artery 
which  maypoffibly  have  fome  influence  in  the  pre- 
paration of  the  bile.  The  ramifications  of  th?s  ar* 
tcry  inofculate  with  thofe  of  the  vena  portarum, 
and  the  blood  from  both  is  returned  together  to  the 
heart,  by  veins  which  empty  themfelves  into  the 
vena  cava. 

A  fad  fo  contradiftory  to  the  analogy  of  the 
other  fecretions  cannot  fail  to  excite  our  wonder  and 
curiofity.  Our  curiofity  we  (Jannot  hope  to  gratify, 
(ince  the  prefent  ftate  of  our  knowledge,  with  re- 
fpe£l  to  the  nature  of  fecretion,  gives  us  little  room 
to  expeft  a  difcovery  of  the  advantages  which 
are  derived  from  this  or  any  other  peculiarity  in 
our  frame ;  but  our  wonder  will  be  leflcned  by  con-> 
fidering,  that  the  fame  peculiarity  takes  place  in 
certain  animals,  under  circumftances  ftill  more 
remarkable.  In  fiOies,  a  (ingle  artery  arifes  from 
the  ventricle  of  the  heart,  which  is  entirely  diftributed 
on  the  gills;  from  the  gills  the  blood  is  gradually 
collefted  into  a  large  veflcl,  correlponding  to  the 
aorta  in  man,  and  diflributing  the  blood  to  every 
part  of  I  he  body.  From  the  bowels,  however,  the 
vefTcls  ftill  again  unite,  and  form  a  large  trunk, 
which,  entering  the  liver,  performs  the.  fecretion  of 
the  bile,  in  the  third  circle  of  the  blood,  fince  it 
pafled  through  the  heart  j  whereas  in  man  the  blood, 
in  paffing  through  the  liver,  is  only  in  its,  fecond 
circle  ox  courfc, 

Z  4  Abforption^ 
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Abforption,  as  was  before  remarked,  is  perfbmncd 
by  a  fjftem  of  vcffcis  quite  diftinft  from  thofe  con- 
cerned in  the  circulation  of  the  blood.      Their 
appearance,  ftrufture,  and  courfc  through  the  body, 
have  been  already  dcfcribed.     The  ufes  of  the 
abforbents  in  the  animal  oeconomy  arc  of  the  mod 
important  nature.     By  the  abforbents  ail  the  nou- 
rifhment  of  the  body  is  conveyed  from  the  intcftines 
towards  the  heart ;  and  by  the  abforbents  thofe  par- 
ticles, which  have  become  ufelefe  in  any  of  the  or- 
gans, are  taken  up,  conveyed  into  the  mafs  of  cir- 
culating fluids,  and  ultimately  difchargcd  from  the 
body.  The  bones  dicmfclves  afford  evidence  of  the 
a&ion  of  the  abforbents,  as  their  component  par- 
ticles are  continually  changing  throughout  life,  and 
as  all  the  bones  lofe  confidcrably  of  their  weight 
in  extreme  old  age* 

At  the  fame  time,  however,  that  their  aflual 
weight  is  leflcned,  their  fpecific  gravity  is  incrcafed  j 
for  the  bones  of  old  people  are  thinner  and  more 
compadt  in  their  fides,  and  have  larger  cavities. 
By  chemical  analyfis,  the  proportion  of  earth  is 
found  to  be  increafcd  in  the  progrefs  of  life. 

The  abforbents  are  particularly  numerous  in 
glands,  and  very  probably  have  their  influence  in 
producing  the  phenomena  of  fecretion.  The  fluids, 
which  are  fecretcd,  for  lubricating  the  joints  and 
mufcles,  and  for  moiftening  the  fcveral  cavities  of 
the  body,  are  continually  renovated  by  the  abfor- 
bents, which  take  up  what  is  already  efFufed,  while 
more  is  fupplied  by  the  arteries. 
'  The  ufes  of  the  glands  connefted  with  the 
lymphatic  veffcls  arc  not  well  undcrftood,  but  from 

their 
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their  being  univerfkl,  and  fron^  our  not  being  able  to 
find  a  fingle  lymphatic  veflel^  which  does  not,  in  its 
progrefs  towards  the  heart,  pafs  through  fomc  of 
them,  it  may  be  concluded  that  their  ufes  arc  very 
important.  One  of  the  purpofes,  however,  which 
they  fervc,  is,  probably,  to  prevent  any  thing  injuri- 
ous, which  may  be  taken  up  by  the  abibrbents,  from 
entering  the  mafs  of  blood  j  and  in  this  way  the  mi- 
nute ramifications,  into  which  the  lymphatics  arc. 
divided  in  their  paflage  through  thefe  glands,  may 
perform  the  office  of  a  filter.  There  are  feveral 
arguments  which  might  lead  us  to  believe,  that  the 
lymphatic  glands  belonging  to  the  lafteals  have 
fome  Ihare  in  digeftion,  or  for  fitting  the  chyle  for 
entering  the  mafs  of  circulating  fluids  j  but  their 
influence  in  this  refpeft  is  not  proved,  nor  does  it 
feem  eafy  to  afcertain  it.  Several  hypothefes  have 
been  formed  by  ingenious  men,  with  a  view  to  ex- 
plain the  mode  in  which  the  abforbents  aft  in  taking 
in  their  contents  j  but  as  they  are  but  hypothefcsj 
I  ihall  pafs  them  over  in  filence. 

As  the  abforbents  are  continually  taking  away  the 
fubftance  of  the  body,  it  was  neceflary  that  there 
fliould  be.  organs,  which,  by  fiirnifhing  frelh  parti- 
cles, might  counterbalance  their  efFefts  i  and  thefe 
organs  arc  the  arteries/  It  has  been  already  ob- 
ferved  that  the  arteries,  for  an  important  purpofe, 
convey  the  blood  to  every  part  of  the  fyftem  i  by  ' 
means  of  die  blood,  however,  the  arteries  not  only 
produce  the  fecretions,  but  furnilh  matter  to  every 
exhaufted  organ  of  the  body;  and  from  one  fluid, 
tcftore  the  loft  particles  of  the  bones,  the  mufcles, 

and 
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and  the  nerves,  or  whatever  other  iblicb  fland  in 
need  of  repair. 

This  office^  however,  of  the  arteries^  prc-fuppofo 
that  there  muft  be  a  fource,  from  which  chey  are 
themfelves  fupplied  with  the  fubftance  they  fumtffi 
to  the  other  organs ;  and  this  leads  to  the  confidcra* 
tiofi  of  the  important  fun(5tioQ  of  digeftioiu 


I 
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Chap.     XXXL 

DIGESTION. 

Sen/atioHS  of  Hunger  and  Thirft,-^Frogref$  of  the  food  to  th§ 
Stomach.-^J^igefiion^  boiv performed  hy  Men  and  ^uadrupeds^^m 
By  Birds. — The  Gizzard  of  Fowls,  and  its  Ufes^-^Birds  of 
Prey, — Reaumur^s  Experiments  on  the  Digeftion  of  Fowls.'-^ 
Motion  of  the  Stomach  and  Gixxard,'-^Balls  of  Hair  found  im 
the  Stomachs  of  ^adrupeds^^-^aftric  Fluid.'^Stomach  itfelf 
partly  dijfohved  by  its  Action  after  Death, ^^Fermintatiom  only 
takes  place  in  difeafed  Stomachs. -^What  Suhftances  are  digeftibU^ 
emd  the  contrary,'-^ Powers  of  Digeftion  in  different  Animals*'^* 
Carnivorous.^^rani'uorous.~^Grameni*vorous,'^Sleeping  Ani^ 
mals.^»  Accommodating  Power  of  the  Stomach. 

ANIMALS  are  powerfully  admoniflied  to 
repair  tlie  wafte  of  their  bodies  by  an  aver- 
fion  from  the  fenfations  of  hunger  and  thirft,  and 
a  defirc  of  that  pleafure  which  attends  the  gra- 
tification of  thefe  appetites-  Solid  food,  being  taken 
into  the  mouth,  is  mafticatcd  by  the  teeth,  and 
mixed  with  faliva  and  mucus,  which,  by  the  prefTure 
and  adtion  of  the  parts,  are  very  copioufly  exuded. 
Thus  foftened  and  lubricated,  the  food  is  conveyed 
to  the  root  of  the  tongue,  and  the  lower  jaw  being 
now  fixed  by  the  (hutting  of  the  mouth,  we  arc 
prepared  to  adt  with  the  mufcles  which  pafs  from 
the  bone  of  the  lower  jaw  to  that  which  fupports  the 
tongue,  called  the  os  hyoides.  A  convulfive  aftion  of 
thcfe  mufcles  fuddenly  draws  forwards  the  os  hyoides, 
the  root  of  the  tongue,  arid  the  larynx;  the  pharynx 
is  enlarged,  the  food  is  forced  into  the  guUe^  and  in  its 

^  paflagc 
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pa£Eige  preiles  down  the  epiglottis,  fb  as  to  prevent 
any  thing  from  getting  into  the  windpipe^  Xbc 
parts  before  thrown  into  action  are  now  relaxed  i 
the  food  is  received  by  the  gullet,  and  is  regularly 
but  rapidly  conveyed  to  the  ftomach*  Fluids  arr 
conveyed  to  the  ftomach  in  the  fame  manner  as 
folids.  So  perfe6t  and  exa6l  is  the  z&\on  of  the 
gullet  in  propelling  its  contents,  that  even  air 
cannot  elude;  its  grafp,  which  is  proved  by  our 
having  the  power  of  fWallowing  air,  by  taking  a 
mouthful  of  it,  and  ufing  the  fame  efforts  which 
we  employ  in  fwallowing  our  food. 

After  the  food  has  reached  the  ftomach,  it  is 
ftill  further  foftcncd,  and  at  length  reduced  to  a 
pulpy  confiftence,  by    means  which  we  fliall  prc- 
fcndy  examine.  It  now  paflcs  through  the  pylorus, 
or  right  orifice  of  the  ftomach,  into  the  duodenum, 
where  it  is  retained  for  fome  time,  and  attenuated 
by  the  admixture  of  the  bile  from  the  liver,  and 
the  pancreatic  juice  from  the  pancreas.     From  the 
duodenum  it  paffes  into  the  jejunum  and  ileum, 
in  which  it  is  moved  backwards  and  forwhrds  hy 
the  mufcular  contrafkion  of  their  coats,  caUed  their 
pcriftaltic  motion.    As  it  proceeds,  its  more  fluid 
parts  are  continually  tak.en  up  by  the  ladeals,  and 
it  confequently  gradually  becomes  of  a  thicker  con- 
fiftence. From  the  fmall  inteftines  it  pailes  through 
the  valve  of  the  colon  into  the   large.    Here  it 
probably  undergoes  ftill  further  changes,  and  more 
of  its  fluid  parts  are  abfofbed  by  the  lafteals.    It 
is  at  length  received  by  the  end  of  the  inteftioal 
tube>  called  the  redum,  and  being  of'no  further  ufe, 
is  diicharged  from  the  body. 

The 
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The  chyle,  which  is  the  produft  of  the  digefted 
aliment,  after  it  enters  the  lymphatics,  is  conveyed 
to  the  heart,  and  mixed  with  the  mafs  of  blood* 
Let  us  now  examine  the  inftruments,  which  nature 
employs  in  fb  wonderful  a  procefs,  as  that  of  fitting 
dead  matter  for  receiving  aftive  properties,  and 
being  endued  with  life. 

*  A  great  many  fubftances  may  enter  the  lafteals 
along  with  the  chyle,  even  folids  reduced  to  fine 
powder.  When  indigo  has  been  thrown  into  the 
inteftine  of  a  (heep,  I  have  feen  the  chyle  rendered 
quite  blue:  now  indigo  is  not  foluble  in  water,  but 
is  a  folid  reduced  into  a  very  fine  powder.  So 
muik  gets  into  the  chyle,  giving  it  a  ftrong  fmeU, 
and  a  great  variety  of  other  fubftances  of  various 
colours,  various  taftes,  and  various  fmells,  each  of 
them  giving  colour,  or  tafte,  or  fmell,  to  the  chyle.; 
Neverthelefs  the  lafteals  feem  to  pofiefs  fome 
power  of  rejeftion,  fince  green  vitriol,  either  ex- 
hibited along  witl^  the  food,  or  thrown  into  the  in- 
teftine  after  the  animal  has  been  opened,  while  chyle 
was  forming  and  abforbing,  gives  no  colour  on  in- 
fufion  of  gall  being  applied  to  the  chyle  1  nor  if 
galls  are  thrown  into  the  ftomach  along  with  the 
food,  or  if  an  infufion  of  them  is  in  like  manner 
thrown  into  the  inteftine,  when  an  animal  js  opened, 
during  the  time  that  the  chyle  is  flowing  into  the 
laflcals,  do  they  give  any  colour  upon  a  fbtution  of 
green  vitriol  being  applied  to  the  chyle  *.* 

Dr.  Fordyce  mentions  feveral  inftances  qf  the 
ilrongaifinoilating  powers  of  theftomachs  of  certain 
animals  -,  fuch  as  fifli  thriving,  increafing  in  fize, 
and  excluding  feculent  matter  when  confined  in 

•  Fordyce  on  Dig^flionj  p.  122, 

fpring 
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fyrm%  water»  ^without  any  perceptible  iburce  of 
nouriihineat^   and  even  when  a  communicatioii 
with  die  air  was  cut  offl    He  alio  remarks,  diat  noc 
onl3r  farinaceous  and  odier   bland  fubftanccs   are 
found  to  be  attacked  by  infeds^  but  alio  jab^ 
fcammony,  hemlock,  and  the  moft  deadly  vege- 
table poifons.     Even  cantharides  are  greedily  de« 
voured  by  two  fpccics  of  infc£ts>  not  part  of  them 
picked   out   from  odicr  parts,    but    the     whole 
entirely,  without  leaving  a  veftige  of  any  the  Icafl 
part  of  the  cantharis  undcvoured.     Dr.  Fordycc 
has   procured  thefe   infedts  from  chefts   of    can- 
tharides imported  from    Sicily,   and   which   had 
lived  upon  the  cantharis  for  feveral  months.  After 
being  walhed  with  water  flighdy,  thefe  infedb  have 
juices  perfeaiy  bland,  fo  that  if  they  are  bruiied 
and  applied  to  any  the  mofl  tender  and  fenfible 
furface  of  the  human  body,  they  produce  no  inflam- 
mation, nor  is  there  any  appearance  of  their  pot 
fcffing  any  matter  having  a  ftimuladng  quality. 

There  are  two  different  proceflcs,  which  in  ge- 
neral feem  elTcntidl  to  digcftion;  viz,  trituration 
and  the  aftion  of  a  certain  fluid  or  menftruum. 
All  quadrupeds  are  furriifhed  with  teeth,  by  which 
they  in  fome  mealbrc  deftroy  the  texture  of  their 
food  before  it  paflcs  into  the  llomach.  The  in- 
ihniment  of  trituration  in  g4^mvorous  fowls,  and 
which  anfwers  the  purpofes  of  the  teeth  of  quadru- 
peds, is  the  gizzard,  through  which  all  their  food 
pafles,  before  it  enters  the  organ,  which  may  pro- 
perly be  denominated  their  ftomach.  Among 
fpwls,  however,  there  arc  fome  which  have  a 
ftomach  purely  membranous,  as  the  eagle,  the  hawk, 

and 
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and  birds  of  prey  in  general.  Thcfe  have  ncidier 
gizzard  nor  Jteeth»  but  they  are  flimifhed  with  a 
Iharp  and  crooked  beak,  which,  by  tearing  their 
food  to  pieces,  fervcs  in  fomc  meafure  to  prepare 
it  for  the  aftion  of  the  other  inftrument  of  di- 
geftion,  a  fluid  endued  with  peculiar  qualities,  and 
which,  as  far  as  our  obfervations  extend,  fcems  to 
be  in  common  to  all  animals.  ' 
.  The  gizzard  is  an  organ  compofed  of  very  thick 
and  ftrong  mufcles ;  it  is  lined  internally  with  a 
fubftance  fo  thick  and  callous  as  not  to  be  hurt  by 
grinding  down  glafi^,  and  which  is  always  found  to 
contain  fmall  (lones  of  the  hardeft  materials  the 
bird  can  procure.  By  the  help  of  thefc  ftones,  and 
by  means  of  the  hard  internal  coat  of  the  gizzard,  and 
the  force  of  its  mufcular  coat,  the  food  is  effe£tually 
ground  down,  and  fitted  for  entering  the  ftomach. 

*  Spalanzani,  and  others,  have  denied  (fays  For- 
dyce)  that  they  were  of  this  ufe>  and  have  afHrmed  that 
the  ftones  were  picked  up  by  mere  accident,  the  ani- 
mals miftaking  them  for  feeds.  But  I  have  examined 
this  particularly  in  experiments  I  made  in  hatching 
eggs  with  artificial  heat ;  I  have  hatched  vaft  numbers^ 
and  frequently  have  given  the  chickens  fmall  feeds 
whole,  taking  care  that  they  (hould  have  no  ftones* 
In  this  cafe  the  feed  was  hardly  digeftcd,  and  many 
of  the  chickens  died.  With  the  fame  treatment  in 
every  refpeft^  others  who  had  their  feeds  §;round, 
or  have  been  allowed  to  jHck  up  ftones,  have  none- 
0/  them  been  lofti  With  tolerable  care,  when- 
common  chickens  are  once  hatched  by  artificial 
heat,  they  arc  cafily  brought  up  without  a  hen,  as 
by  inftinft  they  will  keep  in  that  part  of  the  furnace  * 

where 
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where  there  is  the  proper  degree  of  hear,  and  the 
proper  expofure  to  air.    Inftinft  aUb  teaches  them 
what  fubftances  they  (hould  chooie  for  fbod^  and 
what  quantity  of  ftones  it  is  neceflary  to  intermix 
with  it.     For  if  a  very  large  quandty  of  fnr)all  floncs 
is  mixed  with  a  fmall  proportion  of  grain,  they 
will  pick  out  the  grain,  i(}  that  the  proportion  c^ 
ftones  which  they  fwallow  fhall  be  very  litde^  if  at 
all  greater  than  when  only  a  few  were  intermixed. 
In  thofe  I  examined  the  propordon  of  ftones  were 
not  at  all  greater  when  there  was  a  large  quandty 
of  them  mixed  with  the  grain,  than  when  there  was 
a  fmall  proportion;  and  I  have  often   obferved 
them  choofmg  one  piece  of  ftone,  and  rejeding 
another.     Birds  have  alfo  an  evident  inftin£fc  even 
to  diftinguifh  one  kind  of  earth  from  another,  as 
may  eafily  be  feen  in  Canary  birds ;  the  hen,  at  the 
dme  of  her  laying  her  eggs,  requires  a  quandty  of 
calcareous  earth^  otherwife  ftie  is  freqiiendy  killed 
by  the  eggs  not  pafling  forward  properly,  as  I  have 
in  many  inftances  obferved  $  to  one  let  of  hens  a 
piece  of  old  mortar  was  given,  which»  they  broke 
down  and  fwallowed,  certainly  not  tniftaking  it  for 
Canary  feed,  or  any  kind  of  food,  but  diftinguilhing 
it  from  a  piece  of  brick,  which  they  did  not  either 
break  down  or  fwallow ;  another  let  at  the  fame 
time  were  kept  without  any  calcareous  earth  ;  many 
of  thefe  died,  while  the  others,  akhough  otherwife 
exadly  in  the  fame  circumftances,  were  none  of 
them  loft.     It  appears  dierefore  that  birds  have  a 
neceSity  for  ftones  being  Twallowed  for  digeiHon, 
and  earths  for  other  purpofes,  and  that  they  have  an 
inftinft  which  difpofes  them  to  choo&  die  proper 
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quantity  and  quality  required.  Moreover,  as  Mr. 
Hunter  obferves,  the  rioife  of  the  grinding  may  be 
heard,  and  therefore  there  can  be  no  doubt  that 
this  ftomach  is  made  to  contain  ft  ones  for  the  lame 
purpofes  fdr  which  teeth  are  employed  */ 

The  iobfter  is  furniihedi  for  the  comminution  of 
its  food,  Vv'ith  an  apparatus  which  is  fituated  at  the 
pylorus.  It  confift:s  of  two  bony  furfaces,  formed 
into  ridges,  which  are  applied  to  each  other  like 
thofe  of  the  molares.  They  are  alfo  covertd,  like 
our  teethi  with  enamel,  and  furriilhcd  With  mufcles^ . 
by  which  the  aftion  of  grinding  is  performed. 

In  order  to  difcover  the  power  of  the  gizzard^ 
Reaumur  gave  to  a  turkey  fmall  tubes  of  glafs,  five 
lines  in  length  and  four  in  diameter ;  thefe  were 
broken  in  the  gizzard  in  twenty-four  hours.  In  the 
place  of  glafs  tubes  he  fubftituted  tubfes  of  tinned 
iron,  feven  lines  in  length  and  two  in  diameter; 
clofed  with  folHer  at  each  end.  Some  of  thefe  were 
'  indented  by  the  aftion  of  the  gizzard5  and  Others 
crulhed  quite  flat.  Similar  tubes,  placed  between 
the  tteth  of  a  vice,  required  a  force  of  foiir  hundred 
and  thirty-fix  pounds  and  a  half  to  produce  the  famb 
^eflfefts. 

Inclofing  in  tin  tubes,  properly  perforated^  fome 
grains  of  barley,  fome  unboiled,  fome  boiled,  and 
others  peeled,  and  letting  them  remain  a  day  or  two 
in  the  ftomach,  he  found  them  only  a  little  fwelled. 
The  fame  experiment  being  tried  with  meal,  the 
lame  coftfequences  were  obferved,  as  it  did  not  be- 
come in  the  frtialleft  degree  putrid.  From  thefe 
experiments  Reaumur  concluded,  that  digeftion,  in 

*  Fordyce  on  Digeftion,  p.  24,  &c. 
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birds  provided  with  a  gizzard,  was  chiefly  pcrtbrmcd 
by  means  of  trituration. 

Such  are  the  powers  of  the  gizzards  bur  thof«  of 
the  membranous  ftomach,  though  of  a  very  different 
nature,  are  not  Icfs  aftonilhing.     It  is  well  known 
that  birds  of  prey,  which  fwallow  every  part  of  the 
animal  they  devour  without  much  diftin£tion,  have 
the  power  of  throwing  up  fuch  parts  of  their  food  as 
they  cannot  digeft.  Taking  advantage  of  this  circum- 
ftance,  the  fame  naturalift  gave  tubes,  fimilar  to  thofc 
above  mentioned,  and  filled  with  flelli,  to  a  buzzard 
hawk  J  in  twenty-four  hours  the  tubes  being  thrown 
up,  the  meat  which  tbey  contained  was  reduced  to  an 
.oily  pulp,  and  with  no  appearance  of  putridity.     At 
the  end  of  forty-eight  hours,  the  decompofition  was 
ftill  more  perfect,  the  pulp  was  more  attenuated 
and  blanched,  and  that  conftantly  without  any  fmell. 
The  tubes  being  filled  with  the  bones  of  young 
pigeons,  inftead  of  butcher's  meat,  thefe  were  con- 
verted into    a  jelly  in  twenty-four  hours.     Beef 
bones,  very  hard,  and  deprived  both  of  flelh   and 
marrow,  out  of  forty  grains  loft  eight  in  twenty-four 
hours,  and  in  three  days  were   totally   diflblvcd. 
Grain  and  fruit  expofcd  to  the  fame  procefs,  were 
very  little  if  at  all  afFe<5led.   Digeftion,  therefore,  in 
birds  of  prey  is  performed  by  a  fluid,  which  afts 
only  upon  animal  matter.     This  fluid  is  very  abun- 
dant in  the  ftomachs  of  thefe  animals.  Small  pieces 
of  fponge,  of  thirteen  grains,  ftiut  up  in  the  tubes, 
weighed  three  grains  rnore  when  thrown  up. 

Notwithftanding  thefe  efFefts  of  the  digeftivc  or- 
gans, jthe  nK)tions  of  the  ftomach  and  the  gizzard 
^c  fcarctly  perceptible.   There  is  reafon,  however, 

to 
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to  believe  that  the  litde  motion  they  have  is  verjr 
regiriar;  On  examining  the  fur&ce  of  the  balls  of 
hair  which  arfc  found  in  the  ftomachs  of  animals 
which  lick  their  coats>  the  hairs  in  each  hemifphere 
fcem  to  arife  from  a  centre,  and  to  have  the  fame 
diredionj  which  is  circular,  and  corrcfponding  with 
what  would  appear  to  be  the  axis  of  motion*  This 
regularity  in  the  diredion  of  the  hair  could  not  be 
produced  if  there  was  not  a  regularity  in  the  mo-? 
tion  of  the  ftomach.  The  fame  is  proved  in  lome 
birds,  as  the  cuckow,  which  fometimes  feeds  on 
hairy  caterpillars. 

The  principal  inftrdment  of  digeftion  in  moft 
animals,  is  however  now  generally  fuppofed  to  be 
the  gaftric  juice ;  a  fluid  which  diftils  from  certain 
glands,  fituated  in  the  coats. of  the  ftomach,  and 
mixes  with  the  food  as  foon  as  it  is  received 
into  it. 

The  Abbe  Spalanzani,  in  order  to  obtain  a  light 
of  the  gaftric  juice,  introduced  tubes,  containing  bits 
of  fpunge,  into  the  ftomach  of  a  crow.  In  four 
-hours  the  tubes  were  vomited  up,  and  thefpungcs> 
being  prefled,  yielded  thirty-feven  grains  of  gaftric 
liquor,  which  was  frothy,  of  a  turbid  yellow  colour, 
had  a  tafte  intermediate  between  bitter  and  falt^ 
and  being  fet  to  ftand  in  a  watch  glafs,  depofited  in 
a  few  hours  a  copious  fediment.  As  the  fediment 
might  be  attributed  to  the  food  fuipended  in  the 
gaftric  juice^  the  experiment  was  repeated  on  a 
crow,  the  ftomach  of  which  was  empty.  The  fluid 
obtained  in  this  cafe  was  of  a  tranfparent  yellow 
.  colour,  depofited  very  little  fediment,  but  the  tafte 
was  the  fame.    The  gaftric  juice  did  not  burn 
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when  thrown  on  hot  coals,  and  paper  motftencd 
with  it  would  not  burn  till  the  fluid  was  eva^ 
porated. 

The  motion  of  the  ftomach  alfo  aflifts  in  miziiig 
and  intimately  blending  this  fluid  with  the  proper 
parts  of  the  aliment,  fo  as  to  enable  its  fblvent 
powers  more  completely  to  aft  upon  it.  The 
fenfible  qualities  of  this  fluid  arc,  however,  not  fuch 
as  to  lead  us  to  attribute  to  it  any  fuch  power; 
and  I  do  not  know  that  it  has  been  completely  ana- 
lized  by  any  chemical  procefs,  at  leafl:  by  any  which 
enables  us  to  explain  its  folvrnt  property.  A 
French*  author  indeed,  obferving  the  power  which 
inflammable  air  has  in  di  Solving  the  texture  of 
animal  matter,  has  intimated  an  opinion,  that  a 
portion  of  the  oily  matter  which  is  taken  in  with 
the  food,  may  be  mouified  by  the  ftomach  into 
inflammable  air,  and  may  perform  this  part  of  the 
procefe  of  digeftion. 

Digfftion  differs  from  all  other  proceflfes,  and 
can  be  compared  neither  to  putrefaftion  nor  che- 
mical folution,  A  remarkable  circumftance  alia 
with  regard  to  digcft:ion  is,  that  by  it  both  animal 
and  vegetable  matter  is  converted  into  the  iame 
fubftance. 

Dr,  Fordyce  fed  a  dog  with  farinaceous  mattter, 
and  another  with  mufcle,  and  opening  them  b6th 
(in  wJiich  he  does  not  appear  to  have  been  jufli- 
fiable)  during  the  time  that  the  chyle  was  flowing 
through  the  lafteals,  he  coUefted  from  each  as 
much  chyle  as  he'  was  able.^   On  examination  they 

f  M.  Sage, 
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were  found  fo  firailar,  that  the  difference  could  not 
be  diftinguifhed  by  any  experiment  which  he  could 
contrive.  The  chyle  of  a  cat  living  on  flefh,  ac* 
cording  to  the  fame  gendcmah,^  cannot  be  diftin- 
guiflied  from  that  of  an  ox  or  Ihcep. 

Live  or  frcfli  vegetables,  when  taken  into  the 
ftomach,  are  firft  killed,  by  which  a  flabbinefs  of 
texture  is  produced,  as  if  they  had  been  boiled,  and 
then  they  begin  to  be  afted  on  by  the  gaftric  juice. 
This  fluid  indeed,  feems  to  have  no  power  to  aft  on 
living  matter,  fmce  worms  remain  uninjured  in  the 
ftomach.  Digjfftion,  however,  as  far  as  relates  to 
the  diflblution  of  aliment,  may  be  carried  on  out  of 
the  body  by  means  of  the  gaftric  juice,  and  the 
application  of  heat  equal  to  that  of  the  human  body. 
This  procefs  is  continued  after  death,  and  the» 
ftomach,  no  longer,  protedled  by  the  living  prin- 
ciple, is  itfelfdiflblved  by  the  gaftric  juice. 

In  the  ftomachs  of  large  fifb  arc  commonly, 
found  fmall  fiflies,  ftill  retaining  their  natural  form  ; 
•  but  when  touched,  they  melt  down  into  a  jelly. 
From  this  circumftance,  and  from  the  great  quan* 
tity  of  fluids  poured  into  their  ftomachs,  we  may 
conclude,  that  •  digeftion  is  foJely  cffedted  in  them 
by  the  diflblving  power  of  ^  menftruum,  without 
the  aid  of  trituration. 

Neither  animal  nor  vegetable  fubftances  can  un- 
dergo their  fpontaneous  changes,  while  digeftion  is 
going  on  in  them.  The  gaftric  juice  even  has  a 
power  of  recovering  meat  already  putrid  \  for  let 
putrid  meat  be  given  to  a  dog ;  and  the  contents 
of  his  ftomach  will  be  found  fwcet,  and  free  from  all 
putrefadion,  if  he  is  killed  a  fhort  time  after. 
A  a  3  Bread 
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Bread,  which  has  rcmairrcd  in  the  ftomach  of  a  dog 
for  eight  hours,  is  fo  much  chinged,  that  it  will  not 
run  into  the  vinous  fermentation,  but  when  taken 
out  and  kept  in  a  warm  place  becomes  putrid.  Ifs 
putrcfadion,  however,  is  not  fo  quick  as  that  of  a 
folution  of  meat  which  has  been  in  the  (lomach  for 
fomc  time.  The  efiefts  arc  fimiiar  when  nnilk  and 
bread  are  the  food. 

When  the  digeftivc  power,  however,  is  not  per- 
feft,  then  the  vinous  and  acetous  fermentation  will 
take  place  in  vegetable  matters,  and  the  putrefa^vc 
in  the  ftomachs  of  animals  which  live   wholly  on 
flcfh.     The  gaftric  juice  apparently  prefcrvcs  vege- 
tables from  running  into  fermentation,  and  animal 
fubftances  from  putrefaftion,  not  from  an  antilcpric 
cjuality  in  that  fluid,  but  from  a  power  of  making 
them  go  through  another  procels.  In  moft  ftomachs 
there  is  an  acid,  even  though  the  animal  has  lived 
entirely  upon  meat  for  many  weeks ;   this,  how- 
ever, is  not  always  the  cafe.     The  acid  fomctimes 
prevails  fo  much  as  to  become  a  difeafe. 

The  ftomachs  of  many  animals  have  a  power  of 
coagulating  milk ;  this  is  continually  fecn  by  infants 
throwing  up  their  milk  in  a  coagulated  ftate,  and 
the  fame  thing  may  be  obferved  by  feeding  a  dpg 
with  milk,  and  killing  him  half  an  hour  afterwards. 
The  ftomach  of  the  calf,  and  perhaps  that  of  other 
animals,  preferves  this  power  after  death,  and  is 
kept  dried,  for  the  purpofe  of  making  cheefc. 
Indeed  milk,  raw  egg,  and  fevcral  other  fubftances, 
require  to  be  coagulated,  before  they  can  be  di- 
gefted* 

If 
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If  we  throw  milk  into  a  portion  of  the  jejunum, 
that  milk  will  be  abforbed  by  the  laftcals;  but  if 
-we  throw  milk  into  the  ftomach  of  the  fame  ani- 
mal, the  milk  will  not  be  abforbed  by  the  lym- 
phatics ;  therefore  an  argument  might  be  brought, 
that  the  abforbents  of  the  ftomach  would  refufc 
what  the  abforbents  of  jthc  jejunum  would  readily 
take  up.  But  it  muft  be  confidered  that  the  milk 
is  inftantly  coagulated  in  the  ftomach,  and  not  in 
the  jejunum,  which  coagulation  will  perfcftly  pre- • 
vent  it  'from  being  abforbed  ;  but  all  thofe  fub-  , 
ftances  which  are  not  changed  by  the  coagulating 
juice  of  the  ftomach  will  be,  said  are  equally  taken 
up  by  the  lymphatics  in  the  ftomach  and  lafteals. 
There  is,  therefore,  a  converfion  of  the  food  in  the 
ftomach  into  a  new  fubftance,  whofe  properties  are 
at  prefcnt  unknown,  which  new  fubftance  is  the 
only  one  which  can  be  converted  into  chyle;  in 
the  duodenum  and  jejunum,  exaftly  as  we  may  form 
farinaceous  matter,  mucilage,  native  vegetable  acid 
into  wine ;  but  before  they  can  poffibly  be  converted 
into  wine,  they  muft  firft  be  formed  into  fugar. 
So  in  a  fimilar  manner  farinaceous  matter,  gum, 
and  white  of  egg,  arc  all  capable  of  forming  chyle; 
but  before  they  are  formed  into  chyle,  they  muft 
be  converted  into  a  matter  certainly  not  fugar,  buf 
a  matter  of  a  particular  fpecies  in  the  ftomach,  and 
by  the  operation  of  the  ftomach,  this  particular 
fpecies  of  matter  is  afterwards  converted  into  ctiyle 
in  the  duodenum  and  jejunum. 

Dr.  Young,  of  Edinburgh,  found  that  an  infufion 

of  the  inner  coat  of  the  ftomach,  which  had  been 

previoufly  waflied  with  water,  apd  then  with  dilute 
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folution  of  mild  fixed  vegetable  alkali,  fo  that  it  was 
not  poQible  that  any  acid  could  have  remained  in 
it,  coagulated  milk  very  readily.  He  found  alfo 
that  it  had  the  power  of  coagulating  ferum,  and 
other  animal  mucilages.  The  coagulating  power 
of  this  fubftance  is  very  great.  Dr.  Fordyce 
mentions  that  fix  or  feven  grains  of  the  inner  coat 
of  the  rtomach  infufed  in  water,  gave  a  liquor 
which  coagulated  more  than  a  hundred  ounces  of 
milk. 

All  fcrnrientation  is  quite  foreign  from    perfe<9: 
digeftion,  and  when  it  does  take  place,  is  always 
proportioned  to  the  diforder  of  the  ftomach,  fince 
very  litde  if  any   wind  or  flatulency  is   generated 
in  the  ftomachs  of  thofe,  whofe  digeftion  is  moft 
quick  and  eafy.     It  is   not  uncommon,  however, 
for  milk,  vegetables,  wine,  and  whatever  h^is  fiigar 
in  its  compofitlon,  to  become  fooncrfour  in  fome 
ftomachs  than   if  left   to  undergo  a   (pontaneous 
change  out  of  the  body  j  and  even  fpirits,  in  certain 
ftomachs,  almoft  immediately  degenerate  into  a  very 
ftrong  acid.    All  oily  fubftances,  particularly  butter, 
become  rancid  very  foon  after  being  taken  into 
the  ftomach,  and  this  rancidity  is  the   firft  procefs 
in  the  ferniientation  of  oil.     Animal  food  does  not 
JTo  readily  ferment  in  difeafed  ftomachs,  when  com- 
bined with  vegetables,  as  when  it  is  not.     Flefh 
meat  appears  to  undergo  no  change  preparatory  to 
digeftion,  but  feems  at  once  to  fubmit  to  the  adtion 
of  the  gaftric  juice.     It  appears  firft  to  lofe  its  tex- 
ture, then  becomes  of  a  cineritious  colour,  next 
gelatinous,  and  laftly,  is  converted  into  chyle. 
^  .  In 


Chap.  31.]  Digejlible  and  indigeftihk  Maiters.     361 

In  order  to  afcertain  Whether  the  produ£Hon  of- 
any  degree  of  acidity  is  effential  to  digeftion.  Dr. 
Fordyce  made  fevcral  experiments,  from  which 
he  concludes,  that  in  perfedc  digeftion  hq  acidity 
whatever  is  produced. 

If  the  gaftric  juice  is  applied  to  a  fubftance  out 
of  the  body,  in  a  proper  temperature,  it  will  produce 
changes  in  it,  fimilar  to  thofc  which  take  place  in 
the  commencement  of  digeftion  i  but  by  applying 
gaftric  juice,  the  watery  fluids  of  the  ftomach,  the 
faliva,  the  bile,  the  pancreatic  juice,  altogether  or 
feparately,  in  no  cafe  has  chyle,  or  any  thing  like  it, 
been  formed. 

It  is  not  yet  afcertained  what'  are  the  circum- 
^nces  which  contribute  to  render  different  articles 
yfed  as  fppd,  digeftible  or  indigeftible.  Something 
is  undoubtedly  to  beafcribed  to  firmnefs  of  texture, 
fince  cuticle,  horn,  hair  and  feathers,  which  are  in- 
digeftible in  their  natural  ftate,  became  digeftible 
and  nutritious  when  reduced  to  a  gelatinous  form 
by  Papin's  digefter.  That  the  folubility  or  info- 
lubility  of  a  fubftance  in  the  ftomach  is  not,  howe- 
ver, merely  owing  to  the  degree  of  folidity,  is 
proved  from  a  circumft:ance  already  mentioned,  vi^. 
that  boiled  barley  was  not  afted  on  by  the  gaftric 
juice  of  a  buzzard  hawk,  while  pieces  of  hard  beef 
bone,  expofed  to  its  aft  ion  in  the  fame  manner,  were 
completely  diffolved.  But  fubftances  may  even  be 
rendered  too  foft ;  for  a  fluid  is  difiicult  of  digeftion, 
and  its  continued  ufe  very  injurious  to  the  ftomach. 
It  may  be  remarked,  that  nature  has  given  us  very 
few  fluids  as  articles  of  food.  It  therefore  fcems, 
that  fubftances  may  be  either  too  compad  or  too 
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lax  in  their  (lru6hire,  to  render  them  fit  fubje6ls  to 
be  afted  on  by  the  digcftive  powers. 

The  degree  of  ea(e,  however,  with  which  fub- 
ftances  are  digefted,  fecms  in  many  cafes  owing  to  a 
difference  in  folidity.     Brain,  liver,  mufcle  and  ten- 
don are  digeftible  in  the  order  in  which  they  arc 
here  put  down.     Boiled,  roafted,  and  even  putrid 
meat  is  eafier  of  digeftion  than  raw.     Hufks  of 
feeds  and  the  hulls  of  fi-uits  arc  indigeftible  in  their 
natural   ftate,  but  to  what  circumftancc  this    is 
owing  is  not  fully  afcertained.     The  whole  of  our 
food  is  fometimes  not  digefted  i  this  may  arife  from 
two  caufes,  cither  from  fomc  parts  of  the  food  being 
of  too  firm  a  texture  to  be  diflblved  fo  foon  as  the: 
other  parts  arc  converted  into  chyle  and  carried  into 
the  duodenum:   or  from   the  ftomach    being  fo 
much  difordcred  as  to  digeft  impcrfeftly.     This 
diforder  of  the  ftomach  fometimes  proceeds  fo  far, 
that  the  food  pafles  through  the  body  almoft  un- 
changed.    In  fome  cafes  food  has  been  retained  on 
the  ftomach  for  twenty  four  hours,  and  thrown  up 
without  being  altered  in  the  leaft. 

The  eflential  oils  of  animals  and  vegetables  are 
indigeftible  j  they  are  foluble,  however,  either  in 
the  gaftric  juice  or  tTie  chyle,  by  which  means  they 
become  medicinal  from  their  ftimulant  powers. 
The  eflfcntial  oils  of  vegetables,  but  more  parti- 
cularly thofc  of  animals,  feem  to  pervade  the  very 
fubftanceof  the  animals  whofe  food  contains  much 
of  them.  Thus  fea  birds,  which  feed  on  filh,  tafte 
very  ftrongly  of  them,  and  thofe  which  live  on  that 
food  only  during  certain  times  of  the  year,  as  the 
^eild  duck,  have  that  taftc  only  at  certain  feafons. 

Two 
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Two  ducks  were  fed,  one  with  barley,  the  other 
with  fprats  for  about  a  month,  and  killed  both  at 
the  fame  time ;  when  dreflT^d,  that  fed  on  (prats  was 
hardly  eatable. 

Animals  eat  lefs  in  proportion  as  their  food  is  more 
nutritious.  Thus  carnivorous  animals  require  much 
tefs  food  thon  the  granivorous,  and  thefe,  than  the 
graminivorous  i  aninnals,  indeed,  of  the  laft  kind, 
employ  almoft  the  whole  of  their  time  in  eating* 
A  correfponding  relation  is  alfo  obfcrved  with  re- 
fpeft  to  the  digeftive  organs  in  thefe  feveral  races 
of  animals ;  carnivorous  animals  have  only  one 
ftomach,  granivorous  animals  very  generally  two, 
and  graminivorous  animals  four  ftomachs,  with  a 
greater  length  of  inteftines.  From  which  circum- 
ftances  it  may  be  collefted,  that  grafs  is  more  dif- 
ficultly aflimilat^d  than  grain,  and  grain  than  flefh. 

The  firft  ftomach  in  ruminant  animals,  fuch  as 
the  bull,  the  fhcep,  &c.  is  a  recepucle  which  has  a 
very  weak  aftion  on  the  food,  and  from  it  the  ani- 
mal has  the  power  of  returning  the  food  into  the 
mouth,  to  undergo  a  fecond  maftication.  In  Mr. 
Hunter's  paper  on  Digeftion,  publifticd  by  the 
Royal  Society,  there  is  the  following  curious  obfer- 
vation,  which  illuftrates  very  much  the  ufe  of  thefe 
previous  ftomachs  :  milk  fucked  in  by  the  calf  does 
not  remain  in  any  of  die  previous  ftomachs  j  but 
.pafles  down  inftantly  into  the  digefting  ftomach,  not 
requiring  any  previous  operadon  j  but  grafs  remains 
for  a  length  of  time  in  the  previous  ftomachs. 

If  it  is  allowable  to  extend  our  views  beyond  the 
animal  kingdom,  we  might  fancy  that  the  digeftive 
procefs  in  vegetables  is  ftill  vtiov^  difficult  than  it  is 

ia 
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in  the  graminivorous  animals,  fince  v^etablcs  arc 

cpntinualiy  taking  in  nourifhment,  and  confume  an 
immenrcquantity  of  air  and  water  in  proportion  to 
their  growth  and  bulk.  When  vegetables,  howe- 
ver, arc  furniQicd  with  matter  which  has  undergone 
more  preparation  than  mere  air  and  water,  viz. 
putrificd  vegetable  matter,  their  growth  is  far  more 
rapid  J  and  they  flour  ifli  ftill  more  on  the  remains 
of  the  animal  kingdom. 

Sleeping  animals  do  not  digeft  during  winter. 
Worms  and  pieces  of  meat  were  conveyed  down 
the  throats  of  lizards,  which  were  going  into  winter 
quarters,  and  which  were  afterwards  kept  in  a  coal 
place.  On  opening  the  animals  at  diflTcrent  peri- 
ods, the  fubftances  were  found  entire  and  without 
alteration.  Some  of  the  lizards  voided  them  in 
the  fpring  with  little  or  no  alteration  produced  in 
them.  Digeftion  is  therefore  regulated  by  the  ftatc 
of  the  other  fundions  of  the  body  *. 

By  hunger  and  cuftom  animals  may  be  taught 
to  eat,  and  even  to  prefer,  a  very  different  kind  of 
food  from  that  naturally  defigned  fur  their  nourifli- 
ment :  thus  pigeons  h.ave  been  made  to  live  entirely 
on  flelh.  Whether  the  gartric  juice  is  altered  in 
its  nature  by  a  difference  of  food,  or  in  what  other  - 
way  the  fyftem  accommodates  i;felf  to  fuch  a  change, 
it  is  not  eafy  to  determine. 

*  Hunter  on  Digeflion.— See  his  volume  on  th^  Animal 
Economy.  v 
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Chap.    XXXII. 

RESPIRATION  AND    ANIMAL  HEAT.    • 

Re/piration  in  part  an  involuntary  FunElion.'^^Tour  Stages  efRef- 
piration'.-^Ufes  of  Re/piration. — Re/piration  of  In/e^s  different 
from  that  of  other  Animals, '^^The  red  Colour  of  the  Blood  de-- 
ri'ved from  the  Air  in  Re/piration,— ^Dr.  PriefiUy^s  Experiments, 
'■^Dr,  Good^join^s  Experiments. — The  oxygenous  Part  of  the  Air 
dimlnlped  by  Re/piration,^— Fixed  Air  generated  in  the  Lungs 
in  Re/plraiicn  and  expired, — Animal  Heat  produced  hy  Rc/pira* 
tion,'—InJlsnccd  in  different  Ammals,^^Dr,  Cra'w/ord's  ingeni^ 
ous  Theory, 

UNINTERRUPTRD  refpiration  being  nc 
ceflary  to  ourexiftence,  it  is  wifely  ordained, 
that  this  fun6tion  fhould  be  fo  far  involuntary  as 
not  to  require  a  continual  and  irkfome  attention. 
For  other  purpofes,  as  that  of  fpeech,  refpiration  is 
no  lefs  wifely  liibmitted  in  fornc  nneafure  to  our  di- 
reftion,  fo  that  within  certain  limits  we  can  accele- 
rate or  retard  it  at  pleafure.  We  are  fufficiently 
prevented,  however,  from  fulpending  refpiration 
to  fuch  an  extent  as  to  interfere  with  other  pro- 
ceffes  abfolutely  neceflary  to  the  fupport  of  life, 
by  being  fubjefted,  whenever  we  ceafe  to  breathe, 
to  a  fcnfarion  inexprefflbly  diftrefling,  and  which 
compels  usto"xife  every  effort  in  our  power  to  in- 
hale air  into  the  lungs* 

The  thorax,  or  that  bony  cafe  which  furrounds  and 

protefts  the  lungs,  is  fumilhedVith  a  number  of 

mufcles,  fome  of  whicbj  by  drawing  the  ribs  up. 

§  va  ds> 
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wards,  enlarge  ics  capacity,  and  others,  by  drawing 
them  downwards,  diminUh  it.  Its  capacity,  how- 
ever, b  ftill  more  influenced  by  the  mufcular  organ 
called  the  dinphrcgin,  which  from  the  bread  bcme 
and  lower  ribb  p^ilcs  obliquely  downwards  to  the 
loins,  and  feparares  the  thoracic  from  the  abdomi- 
nal vilccra.  By  the  contraftion  of  the  diaphragm, 
the  abdominal  vifcera  are  prefled  downwards  and 
forwards,  by  which  the  lungs  are  permitted  to  ex- 
pand themfelves  in  the  fame  direftion ;  when  the 
diaphragm  is  relaxed,  and  the  abdominal  mufcles 
arc  thrown  into  aftion,  a  direclly  oppofite  mo- 
tion cakes  place;  the  vifcera  of  the  abdomen  are 
prefled  upwards  and  backwards  againft  the  lungs, 
from  wl  .ich  part  of  the  air  is  confequently  expelled. 

Thd  air,  which  is  to  be  confidered  as  pofleflSng 
many  properties  in  common  with  other  fluids, 
pofiefles  this>  that  by  its  weight  it  enters  where  it 
is  leafl:  refitted.  Part  of  the  refiftance  to  the  en* 
trance  of  the  air  into  the  lungs  being  taken  off  by 
the  aftion  of  the  mufcles  dilating  the  thorax,  it 
rulhes  in  through  the  windpipe,  in  the  fame  man- 
ner as  it  rulhes  into  the  cavity  of  bellows,  when 
the  boards  are  feparated  from  each  other.  Infpi- 
ration  and  expiration  therefore  are  not  performed 
by  the  lungs  themfelves,  fince  air  would  be  equally 
drawn  into  and  expelled  from  the  cavity  of  the 
thorax  when  deprived  of  lungs,  fuppofing  that  the 
parts  of  the  thorax  could  be  made  to  perform  their 
motions  pcrfeftly  well  after  death.  The  lungs 
may  therefore  be  compared  to  the  cavity  of  bellows 
filled  with  any  downy  fubftance,  the  bones  of  the 
thorax  to  the  boards  of  t^ic  bellows,  and  the  muf- 

do 
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clcs  of  the  thorax  to  the  hands  by  which  the  bellows 
are  moved. 

Refpiration  may  be  divided  into  four  ftages  or 
periods  i  firft,  infpiration  j  fecondly,  a  paufe  when 
the  lungs  are  filled  i  thirdly,  expiration ;  and  laftly, 
a  paufc  when  the  lungs  are  emptied.  We  arc 
equally  ftimulated  to  infpiration  and  expiration  by 
a  fenfation  of  uneafinefs,  but  that  which  is  felt 
when  the  lungs  are  kept  too  long  inflated  after  a 
full  infpiration,  is  of  a  different  kind  from  that 
which  is  perceived  when  they  are  preferved  too 
long  empty  after  expiration.  In  the  former  cafe 
the  uneafinefs  is  referred  to  the  head,  in  the  latter 
to  the  cheft.  To  what  theft  fenfations  ?re  owing 
we  cannot  altogether  determine ;  they  are  pro- 
bably, however,  to  be  attributed  to  the  anterior 
cavities  of  the  heart  and  the  veflTels  of  the  head  be- 
ing overloaded  with  blood,  which  cannot  fo  readily 
pafs  through  the  lungs  while  their  motion  is  fuf- 
pended.  The  truth  of  this  opinion  is  much  con- 
firmed by  the  flulhing  of  the  face,  and  the  burft- 
ing  of  blood  veflcls,  which  fometimes  happens  from 
impeded  refpiration. 

The  air,  after  pafling  through  the  windpipe,  is 
conveyed  by  its  ramifications  to  the  air  vefl[cls  of 
the  lungs.  After  infpiration  the  air  veflels,  which 
are  to  be  confidered  as  very  mmute  bladders. with 
thin  coats,  are  fully  diftended.  The  minute  and 
very  numer9us  ramifications  of  the  pulmonary 
artery  are  diftributed  on  the  membranes  of  thefe 
air  veflels ;  and  through  the  membranes,  without 
coming  into  direft  contaft  with  the  blood,  the  air 

produces 
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produces  thofe  changes  on  it,  which  arc  found  to  be 
abfolutely  neceflary  foi;  the  continuance  of  life. 

The  chief  ufes  of  rcfpiration,  as  far  as  our  know- 
ledge extends,  are,  ift.  To  effcft  certain  changes  in 
the  mafs  of  blood ;  and,  id.  To  produce  animal 
heat.  Thcfe  effeds,  though  no  doubt  intimately 
conneded,  I  ftiall  take  the  liberty  of  confidcring 
fepacatcly,  for  the  fake  of  greater  perfpicuity. 

The  compofition  of  the  atmofphere  has  already 
been  defcribed,  and  it  is  at  prefent  only  neceflary 
to  remind  the  reader,  that  rather  Icfs  than  three- 
fourths  of  the  atmofphere  is  azotic  gas,  rather  more 
than  one  fourth  oxygen  gas,  and  one  or  two  parts 
in  the  hundred  fixed  ain  The  azote  is  not  proved 
to  have  any  efFeft  in  refpiration,  and  fcems  to  be 
merely  a  diluent  of  the  oxygen  gas,  which  is  tbc 
principal  agent.  The  fixed  air  contained  in  the 
atmofphere  is  probably  alfo  completely  inert  with 
rcfpeft  to  refpiration.  Previous  to  a  more  parti- 
cular confideration  of  the  nature  of  this  funftion, 
it  may  not,  however,  be  improper  to  throw  toge- 
ther a  few  mifcellaneous  obfervations  on  that  fiib- 
jeft. 

Animals  breathing  air  contaminated  by  refpira- 
tion,* not  only  fufFer  for  want  of  the  pure  part 
of  that  air,  which  is  dcftroyed,  but  alfo  from  the 
fixed  air  which  is  produced.  Mr.  Cavendilh 
aflerts,  that  in  certain  difeafes,  and  by  certain  per- 
fons,  the  air  is  much  fooner  rendered  unnefpirable. 
According  to  the  obfervations  of  Dr.  Pricftlcy,  in- 
fedls  appeared  to  breathe  fixed  air,  or  air  othcrwifc 
contaminated,  as  readily  as  pure  air.  Flies,  how- 
ever, and  Other  winged  infefts,  have  the  property  of 

deilroying 
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dcftroying  the  falubrity  of  air  b^  their  own  relpira- 
tion,  as  may  be  obfervcd  by  confining  a  few  of  thoft  i 

animals  in  a  phial.     Thefe  animals^  indeed,  appear  \ 

lels  of  the  amphibious  kind,  atld  mtich  moi^  del!* 
cate,  than  when  m  the  vermiform  or  ntaggot  fhitc# 
Infefks,  and  fome  exfanguious  ariiatals;  will  exift 
a  confiderable  time  without  any  thing  equivalent  to 
rcfpiratiort.  The  fame  h^  been  proved  to  be  the 
cafe  with  Hfhes,  though  it  is  impoffible  to  defind 
the  limits  of  thdrcxiftence. 

A  vciTcl  in  which,  when  filled  with  common  air,- 
a  moufe  could  not  live  more  than  half  an  hour,  was 
filled  by  Dr.  Prieftley  with  vital  air ;  a  moufe  then 
lived  in  it  for  three  hours,  and  being  taken  out 
alive,  the  aif  was  ftill  foUnd  better,  by  the  nitrous  tell, 
than  common  ai!'. 

From  fome  cxperinrtents  niade  by  Dr.  Goociwyn^ 
he  concludes  that  the  lungs  contain  109  cubic 
inches  of  air  after  a  complete  expiration ;  and  that 
this  quantity  receives  an  addition  of  fourteen  cubic 
inches  by  infpiratiori.  The  dilatation  of  the  lungs, 
therefore,  after  cxlpiration  is  to  their  dilatation  after 
infpiration  as  109  to  1 13. 

One  infpiration  is  commonly  performed  for  every 

four  or  five  pulfationi  of  the  heart,  which  latter,  in 

differei^t  healthy  perfbns,  vary  from  fixty  to  ninety 

in  a  minute. 

The  blockl  ^undergoes  remarkable  changes  of 

'  colour  when  circulating  in  the  Veflels  of  an  animal  i    - 

in  the  lungs  It  acquires  a  florid  hue,  which  is  grai* 

dually  loft,  while  the  blood  is  pafling  through  the 

dther  parts  of  tlie  body,  again  Co  be  reftored  in  the 

lungi.    That  the  red  colour  <^  Uood  is^owing  tor 
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the  influence  of  vital  air  is  manifeft  from  a&ni 
experiment.  Dr.  Prieftky  introduced  diflFcratt 
portions  of  flieep's  blood  into  difierrtit  kinds  of  ^3 
and  found  always  that  the  blackeft  parts  aJTumed  a 
bright  red  colour  in  common  air^  and  more  cl^ 
pecialiy  in  vital  air;  whereas  the  brightell  red 
blood  became  prefendy  black  in  any  air  unfit  for 
rei^iradon,  as  fixed  air,  inflammable,  azotic,  and 
nitrous  gas,  and  after  becoming  black  in  the  laft  of 
thefe  kinds  of  air,  it  regained  its  red  colour  on 
being  expofed  to  common  or  vital  air,  the  iame 
portions  becoming  alternately  black  and  red. 

It  is  proper,  however,  to  mention,  that  Dr.  Good* 
wyn  introduced  four  ounces  of  florid  bloody  frelh 
drawn,  into  a,  glafs  receiver,  containing  fixed  air, 
and  confined  it  there  for  a  confiderable  time  5  and 
alfo  recfcived  blood  from  the  carotid  artery  of  a 
iheep  into  a  phial  filled  with  fixed  ^ir,  but  ip  nei- 
ther of  the  experiments  was  the  florid  colour  altered. 
Thefe  experiments  do  not  accord  with  thofe  of  Hx. 
Prieftley,  but  the  following  is  intirely  conibnant 
with  them.  Dr.  Goodwyn  inclofed  a  quantity  of 
vital  air  in  a  glafs  receiver  inverted  in  quickfilver, 
and  introduced  into  it  four  ounces  of  blood,  fi-cfli 
drawn  from  the  jugular  vein  of  a  fhcep;  the  blood 
became  infl:andy  very  florid,  and  after  feveral  mi- 
nutes the  quickfilver  afcended  two  or  three  lines, 
which  evidently  proved,  that  while  the  blood  was 
altered  in  colour,  the  air  was  at  the  fame  time  di- 
minilhed  in  quantity. 

It  is  well  known  that  blood,  wheo  it  coagulates 

on  bcbig  expofed  to  conunon  air,  aflUmes  on  the 
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furface   a  bright  red  oolour,  while  the  infide  is 

much  darker*,  bordering  upon  black. 

An  objedion,  however,  feems  to  arife  to  this  hy- 

pothefis,  viz.  that  though  the  blood  in  the  lungs  is  not 

more  than  a  thoufandth  part  of  an  inch  from  the  air, 

yet  it  never  comes  into  aftual  contact:  with  it.     In 

order  to  examine  the  foundnefs  of  this  objeftion, 

iDr.  Pricftley  took  a  large  quantity  of  black  blood, 

and  put  it  into  a  bladder  moiilened  with  a  little  lerum, 

and  tying  it  very  clofe,  hung  it  in  a  free  expofure 

to  the  air,  thcnjgh  iq  a,  quiefcent  ftate,  and  next 

day  found,  upon  examination,  that  all  the  lower  fur*- 

face  of  the  blood,  which  had  been  feparatcd  from 

common  air  only  by  the  intervention  of  the  bladder, 

had  acquired  a  coating  of  a  florid  red  colour,  and 

as  thick  apparently  as  it  would  have  acquired  if 

immediately  expofed  to  the  open  air. — In  this  cafe  ic 

is  evident,  that  the  change  of  colour  could  not  have 

been  owing  to  evaporation,  as  fome  have   ima<- 

gined.  A  piece  of  the  craflamentumi  furrounded  by 

ferum,  acquired  (not  only  on  that  part  of  the  furface 

which  was  expofed  to  the  air,  but  in  thofe  parts 

which  were  covered  fcveral  inches  with  ferum)  a 

florid  red,    fo   that  the  deep  covering  of  ferum, 

which  muft  have  prevented  all  evaporation,  was 

no  more  an  impediment  to  the  aftion  of  the  air 

than  the  bladder.     That  it  is  really  the  air,  ading 

through  the  ferum,  and  not  the  ferum  itfelf,  which 

gives  the  florid  colour,  is  clearly  afccrtained  by  thfi 

following  experiment :  two  equal  poi-tions  of  black 

blood 'were  put  into 'two  cups,  containing' equal 

quantities  of  ferum,  which  cpvered  the  blood  in 

both  to  the  depth  of  half  an  inch.     One  of  the 

"•    '  '"'  '  Bb2  cubs 
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cups  being  lefc  in  the  open  z\t^  and  the  bcher  being 
placed  under  the  exhauflcd  receiver  of  an  air  pum{^ 
the  former  prefently  acquired  a  florid  colour,  wbife 
the  other  continued  twelve  hours  as  black  as  at 
firfl.  In  another  experiment,  the  rcverfc  of  the 
former,  the  influeuce  of  the  airi^n  (he  blood  was 
no  lefs  decilively  proved;  fi>r  red  blood  became 
black  through  the  depth  of  two  inches  of  fcruai, 
ivhen  the  veflel  containing  it  was  expoied  to  azodlc 
gas.  Putrefaftion,  h6wever>  wilt  produce  a  iknp- 
lar  effeft ;  for  a  fmall  qwnfttf  of  perfeOIy  flbrftf 
blood  being  put  mto  a  glafs  txbt  lealed  henneri- 
cally,  and  thus  cut  off* from  all  communication  with 
external  fubftances,  became  black  in  a  few  days. 
Except  ferum,  milk  is  the  only  animal  fluid, 
through  which  the  air  can  acb  upon  blood. 
By  fomc  fubfequent  experiments  made  by  Dr. 
PriefUey,  he  found  that  the  intervendon  of  a 
bladder  by  no  means  prevents  the  a^on  of 
ibme  airs  on  each  other,  as  the  nitrous  on  common 
air,  &c. 

The  fame  induftrious  philolbpher  found  alio, 
that  the  air  and  blood  employed  in  the  above  ex* 
periments  undergo  oppofite -changes  j  for  vital  air 
was  vitiated  by  expofure  to  venous  blood,  and, 
on  the  contrary,  inflammable  air  was  aUbrbed, 
and  foul  air  improved^  by  expofure  xo  arterial 
t>Iood.  it  has  alfo  been  proved,  that  inflamma«> 
ble  air  will  produce  a  change  of  colour  in  die 
blood,  when  introduced  into  the  veins  of  a  living 
animal. 

The  nnoft  remarkable  change  prodpced  on  air, 
which  has  been  fubfcrvient  to  reipirarion>  is  die 

difappearancc 
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difappearancc  of  the  vi^al  air,  and  the  produftion  of 
fixed  air.  On  account  of  the  produAion  of  fixed 
air«  indeed,  an  aninial  can  only  breathe  a  given  quan^ 
wyof  air  for  a  certain  time,  ^fcer  which  it  fickcns  and 
dies.  I  f  ajar  filled  with  vital  air  is  placed  over  njer- 
cury,  and  an  animal  confined  in  it,  after  a 'time  ic 
will  be  obfcrved  to  breathe  with  difficulty,  and  be- 
came very  uncafy ;  if  the  animal  is  then  taken  outi 
andcauftic  alkali  i^int};oK}uced,  a  great  diminucioti 
in  die  bulk  of  the^air  will  cake^lacc ;  by  the  repeated 
incrOduAioiv  ofithe^a^mal  df^  the  cauftic  alkali 
almoft  the  whole^x^fhCjair  rn^y  be  made  to  difap- 
pear,  which  proves  that^p  v^tal  air  is  by  reipira* 
noo  converted  into  fixed  air. 

When  we  confider  the  compofition  of  fixed  air, 
which  confiftsof  the  carboiiaceous  principle  united 
with  oxygen,  we  muft  conclude  that  the  oxygen 
gas  is  converted  into  fixed  air  by  the  addition  of 
that  principle,  which,  ifi  a  ftate  of  extreme  divifion, 
ieems  to  be  extricated  from  die  kings.     By  fome* 
phyfiologifts,  the  extrication  of  this  noxious  princi- 
ple has  been  confidered  as  the  only  end  anfwered 
bf  refpiration.     That  this  is  not  all,  however,  is 
proved  by  the  confideration,  that  though  part  of  the 
oxygenous  gas  is'ccu) verted  into  fixed  air  hy  the 
addition  of  the  carbonaceous  principle,  yet  the 
weight  of  the  air  expired  does  iioc  exceed  that 
which  is  infpired.     This  naturally  fuggefted  the 
opinion,  that  a  part  of  the  infpired  air  was  abforbed^ 
nearly  cprrcfponding  in  weight  with  the  matter  dif*. 
charged  by  the  lungs.     Dr.  Prieftley,  by  a  feries 
of  experiments  recorded    in  vol.   Ixxx.  p.    106. 
of  thp  PJiijipfpphical  Tranfaftions,  has  accordingly 
P  b  3  prQved, 
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proved,  that  a  confiderable  quantity  of  vital  air  is 
abforbcd  by  the  blood.  A  very  fmall  portion  of 
water  is  alfo  thrown  from  the  lungs  at  every  ex- 
piration, which  may  be  cither  an  aqueous  exhalation 
from  the  lungs,  or  may  be  formed  by  an  union  of 
vital  air  with  inflammable  gas. 

The  produftion  of  animal  heat  next  properly 
claims  our  attention.    That  refpiration  is  really  the 
caufe  of  animal  heat  can  fcarcely  be  doubted  j  for 
thofe  animals  which  are  furniftied  with  lungs,  and 
which  continually  inspire  the  frcfh    ;ir  in  great 
quantities,  have  the  power  of  keeping  themfclvcs 
at  a  temperature  confidcrably  higher  than  the  fiir^ 
rounding  atmofphere  ;  but  fuch  animals    as    arc 
not  fiimiflicd  with  refpiratory  organs,  arc    very 
nearly  of  the  lannc  temperature  with  the  medium 
ifk  which  they  live.      Among  the  hot    animals, 
thofe  are  the  warmed  which  have  the  lai^eft  refpi- 
ratory organs  in  proportiori  to  the  bulic  of  cfaeir 
bodies.    Thb  is  particularly  the  cafe  with  birds, 
which  have  the  greateft  degree  of  animal  heat.    In 
the  feme  animal,  the  degree  of  heat  is  in  fbmc 
meafure  proportionable  to  the  quantity  of  air  re- 
spired in  a  given  time.     Thus  we  find,  that  animal 
heat  isincreafed  by  exercife  and  whatever  accelerates 
refpiration.     By  the  word  heat  1  do  not  mean  a 
fcnfetion,  bur  caloric,  or  a  peculiar  fluid,  having 
attradlions  for  other  fubrtances,  with  which  it  is 
capable  of  forming  combinations,  and  producing 
many  important  phenomena.     We  muft  carefully 
avoid  cftimating  the  quantity  of  heat  conuincd 
in   a  body  by  its   temperature,  as  indicated  by 
the  fenfes,  or  even  by  a  thermometer ; .  for  water, 
waXf  metallic  bodies^  &c.  in  palfing  from  a  fluid 

to 
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to  a  folld  ftate,  lofe  a  valt  quantity  of  beat  without 
any  diminution  of  temperature  i  and  it  is  well  known^ 
that  a  quantity  of  wax^  &c.  partly  folid  and  partly 
fluids  is  always  of  the  fame  temperature,  whether  it 
tends  towards  the  folid  or  the  fluid  ftate ;  that  isj 
whatever  is  the  temperature  of  the  furrounding  me« 
dium.  If  the  wax  is  in  a  meldng  ftatej  it  abibrbs  the 
fuperfluous  heat>  which  becomes  latent;  if  on  the 
other  hand  it  is  congealingi  its  latent  heat  is  conti-* 
nually  extricated,  and  fuftains  its  temperature  at  a 
fixed  point.  Heat  may  therefore  exift  in  a  latent 
flace,  in  which  it  cannot  a^eft  the  thermometer. 

There  is  ftill  another  diiFercnce  with  refpeft  to 
the  quantity  of  heat  contained  in  bodies,  indepen-^ 
dene  of  any  change  of  form,  fimilar  to  that  which 
takes  place  in  the  combination  of  heat*with  ice  con* 
ftituting  water.  This  latter  difference  is  called  ^ 
difierence  of  capacity  for  heat,  by  which  is  under^ 
ftood  an  inequality  in  the  quandty  of  ab£^lute  heat 
in  two  bodies,  though  their  temperatures  and  weigbM 
are  equal*  Thus,  if  a  pound  of  water  and  a  pouad 
of  diaphoretic  antimony  have  a  common  tempera*: 
ture,  the  quantity  of  abfolute  heat  contained  in  the 
former  is  nearly  four  times  that  contained  in  the 
latter. 

The  following  is  a  brief  (latement  of  Dr.  Craw-* 
ford's  ingenious  theory  of  animal  heat.  He  made  a 
feries  of  experiments,  by  which  he  found,  that  the 
fixed  air  and  aqueous  vapour,  which  are  difoharged 
from  the  lungs^  contain  only  about  one*third  part  of 
the  abfolute  heat  contained  in  the  atmofpherieal  air, 
previous  to  its  being  refpired:  air,  therefore,  in 
being  fubfervient  to  refpiratign,  lofes  fart  of  its 
B  b  4  heatt 
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heat.     He  has  alfo  fliewn^  that  the  abfolute  heat  of 
florid  arterial  blood  is  to  that  of  venous  ncarljr  as 
eleven  and  an  half  to  ten  i  fince,  therefore,  the  tdoodjy 
ivhich  is  returned  by  the  pulmonary  vein3  to  the 
hearty  has  its  quantity  of  abfolute  heat  increafcd,  he 
&irly  concludes  that  it  muft  have  acquired  this  addi- 
tional heat  in  the  lungs.     From  the  preceding  obicr- 
vations  it  appears,  that  the  production  of  animal 
heat  depends  on  a  procefs  analogous  to  chemical 
elcftive  attradion,  and  which  is  regulated  by  the 
following  principles.     Vital  air  contains  more  ab« 
folute  heat,  in  proportion  to  its  temperature  and 
weight,  than  fixed  air.     The  blood  is  returned  to 
the  lungs  impregnated  with  the  carbonaceous  prin- 
ciple I  the  blood  has  lefs  attraction  for  that  principle 
than  vital  air  has  -,  in  the  lungs,  therefore,  it  quit^ 
the  blood  to  unite  with  the  vital  air.    By  this  combi- 
nation the  vital  air  is  changed  into  fixed  air,  and 
depofits  part  of  its  heat;  the  capacity  of  blood  for 
keat  is  at  the  iame  time  increafed ;  the  blood  there- 
j^re  receives  that  poruon  of  heat  which  was  detached 
from  the  air. 

The  arterial  blood,  in  its  paflTdge  through  the 
capillary  veflels,  is  again  impregnated  with  the  car- 
.  bonaceous  principle,  and  the  bafis  of  infiammable 
air,  by  which  its  capacity  for  heat  declines;  it, 
dierefore,  in  the  courfe  of  the  circuladon,  gradually 
gives  out  the  heat  which  it  had  received  in  the  lungs» 
and  diffulcs  it  over  the  whole  body.  Thus  it  ap^ 
pears,  that  in  its  circulation  through  the  lungs  the 
blood  is  continually  difcharging  carbonaceous  mat* 
ter  and  abforbing  heat,  and  that  in  its  parage 
through  the  other  parts  of  the  body  it  is  perpetually 

im* 
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imbibing  carbon  and  emitting  heat.  I n  this  account 
of  animal  heat  1  have  entirely  omitted  the  abforp- 
tion  of  vital  aic,^  This  abforption  was  not  admitted 
by  Dr.  Crawford,  and,  though  cftablilhed  by  the; 
experiments  of  Dr.  Prieftley,  does  not  at  all  inva-i^. 
Ijdatc  the  theory  of  the  former  philoibpher.  It  is 
confiftent  with  either  hypothcfis,  that  the  blood  m 
tiiC  lungs  gains  the  heat  which  is  loft  by  the  airj 
and  upon  the  truth  of  this  propoGtion  refts  the 
tT'^ory  of  Dr.  Crawford. 

-^7  the  different  capacity  which  blood  pofleflei 
f  :  .eat  in  its  different  ftates,  it  is  capable  offup- 
y.  lig  the  different  parts  of  the  body  with  heat, 
v:.  :.e  its  own  temperature  remains  the  fame.  If 
t-  IS  difference  of  capacity  for  heat  did  not  cxift, 
the  extremities  of  the  body  could  not  be  properly 
111 pplied  with  heat  from  the  lungs,  unlefs  the  lungs 
themfeives  were  crxpofed  to  a  degree  of  heat  which 
•  would  be  certainly  prejudical,  and,  perhaps,  fuch  as 
no  organifcd  fubftance  could  fupport  without  de-  ' 
ftruftion. 

Dr.  Crawford  has  moreover  proved,  by  a  courle 
of  experiments,  chat  when  an  animal  is  placed  in 
a  cold  medium,  the  venous  blood  acquires  a  deeper 
hue ;  that  a  greater  quantity  of  air  is  vitiated  in  a 
given  time,  and,  confequently,  that  more  heat  is 
abforbed  by  the  blood.  It  appears,  therefore,  that 
nature  has  in  this,  as  in  many  other  inftances,  con- 
nefted  the  occafion  with  the  means  of  fupplying 
it..  Since,' therefore,  it  is  proved^  that  heat  is  ab- 
forbed from  the  air  in  refpiration,  and  fincc  the 
quantity  abforbed  is'not  only  adequate  to  the  pur- 
pofe,  but  proportioned  to  the  occafion,  we  may  con- 

fider 


37t  Ammdlkai.  [BookDC 

fider  ourfelves  as  greatly  indebted  to  Dn  Crawford 
fin'  having  thrown  great  light  on  a  moft  important 
iundtion^  but  which  muft  ftiU  be  enumeratedj 
on  iboie  accotints,  among  thofe  obfcure  proce&s 
of  nature^  on  which  human  ingenuity  may  txxt 
its  powers,  but  which  it  can  probably  never  com- 
|){ettly  reveal 


Chap. 
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Chap.    XXXIII. 

f  H  E     V   O   I  C    E. 

M 

Infirumtnt  ofSotmJ  im  the  Ammal  Body^^^hi  Larynx^m^E^ipgHf^ 

numti  on  the  Winipipts  ofdiffmnt  Amtrnds^^Whethir  iki  Z4» 

fynx  a3s  as  a  wM  orftrir^id  ln/hrumint^<^^inpng^  b^wperr^, 

formed. ^^Spemking.-^ii^hifyniHg.  ' 

AL  L  animals,  as  far  as  our  obfervations  ex* 
tend,  have  the  power  of  communicatirigj 
their  fenfations  or  ideas  to  each  other,  and  the  prin* 
cipal  means  of  this  communication  is  the  voice. 
Man  is  indebted  to  this  funftion  for  the  latisfaftioa 
of  focial  intercourfe,  and  in  a  great  meafure  aUb 
for  his  diftihguilhed  pre-eminence  above  other  ani' 
imals  in  mental  acquirements. 
The  inftrument  of  the  voice  is  the  larynx,  and 
,   the  immediate  occafion  of  it  is,  the  expulfion  of  the 
air  from  the  lungs  through  this  organ  exciting  a 
vibratory  motion  in  the  whole  larynx,  but  more: 
particularly  in  the  ligaments  which  pafs  from  the 
fcutiform  to  the  arytenoid  cartilages.     That  the 
larynx  is  really  the  inftrument  of  the  voice  has  been 
,  fully  proved  by  an  ingenious  anatomift  •  of  our 
times,  who,  after  detaching  the  windpipe  from  the 
bodies  of  different  animals,  by  relaxing  or  fliort- 
ening  the  tendinous  bands  at  the  extremity  of  the 
windpipe,  and  blowing  in  at  the  oppofite  end,  found 

/  •  Ferrein* 
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means  to  produce  all  the  different  cries  and  cooes 
of  which  the  living  animals  were  capable.     Oo 
the  different  ftrufture  of  the  larynx  depends  the 
different  voices  of  animals;    thus  birds,    which 
have  a  flirill  and  piercing  note,  arc  found  to  be 
poflefled  of  a  nai-t-ow  larynx  i  anim«^s,  which  art 
hoarfe  or  mute,  of  a  wide  one.     The  fame  fsuEt  is 
proved  in  ourfclvcs.    We  rtiay  perceive,  by  ap-. 
plying  the  finger  to  the  throat,  when  we  endeavour 
to  produce  a  Ihrill  tone,  that  the  larynx  is  concraacd, 
rendered  tcnfe,  and  elevated ;  when  we  produce  a 
g^ye  found,  it  is  enlarged,  relaxed,  and  depreflcd ; 
by  endcaypuring  to  produce  9  graver  tone  than  we 
ire  capable  oii  the  larynx  is  too  much  relaxed  to 
perform  its  officty  and  the  air  paflcs  through  it 
without  producing  any  found  whatever, 
j^  Bonnet  obferves,  that  birds  are  furnifhed  with  what 
may  be  called  two  larynxes,  the  one  at  the  fiiperior 
extremity  of  the  windpipe,  as  in  men  and  quadru- 
peds i  the  other  (which  is  the  principal  organ  of 
found  with  them)  at  the  inferior  extremity,  and  clofe 
to  the  bronchias.     The  chief  inftrument  for  the  mo- 
dulation of  the  voice  in  this  lower  larynx  is  a  mem- 
brane fituatcd  tranfverfcly  between  the  two  bron- 
chiac,  communicating  witli  other  membranes,   re- 
fembling  the  reed  of  a  hautboy     On  the  greater 
or  lefs  elafticity  of  thefe  membranes  depends  the 
tone,  of  the  voice,  in  the  fame  manner  as  in  other 
animals  it  depends  on  the  tenfion  or  relaxation  of 
^  cords  of  the  glottis  "*. 

Jt  has  been. much  debated,  whether  the  larynx, 
in  producing  the  voice,  afts  as  a  wind  oV  a  ftringed 

•  Bon,  Cont.  p.  7. 
"  '      *  inftrumenti 
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inftrument ;  but  there  can  be  little  doubt,  from  tho* 
ftni&ureand  motions  of  the  larynx,  that  it  pofiefles 
the  advantages^bf  both.  . 

Singing  is  a  modulation  of  the  voice,  through 
various  degrees  of  acutcnefs  and  gravity,  and  is 
performed  almoft  folely  by  the  larynx,  though  the 
nofe  and  mouth  are  in  fome  degree  concerned  in 
improving  and  foftening  the  tones.  During  fpeech, 
the  larynx  is  pretty  much  at  reft,  as  very  litde  vari-* 
cty,  with  rcfpeft  to  gravity  or  acutenda  of  voice,  is 
requifite.  The  voice  being  produced  in  the  Ia« 
rynx,  is  afterwards  formed  into  letters,  lyllablcs^ 
and  words,  by  various  motions  of  the  tongue  and 
lips.  The  larynx  is  very  little,  if  at  all,  employed 
in  whifpcring,  and  feems  to  tranfmit  the  air  in  thi? 
cafe  as  a  fimplc  tube,  like  Ac  wmdpipe. 


.Chap# 
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Chap.    XXXIV. 


MUSCULAR    MOTION. 

Imfuiry  fwbttber  latf  Tbimg^  tfrn^vaUnt  to  wtufadwr  Mmiium  istsit 
found  in  the  other  Parts  of  Crtatiom* — DiJertiU    Hyfrnihtfa 
€mutrmng  the  Cmmfe  of  ma/cnlar  Motiom.(^»Its  Defemdemce  m 
ike  WUl^i'^outraaile  Power  of  Mmfcles  efier  Dntf^.— ^fsft^       j 
ff  the  CoMtradiom  tf  Muf<Us.^^Jdvmmtage  from  the  OUifoatf        i 
rf  certain  Miifdes^'-^  Infcrtion    of  the    Tendoms.'^  Farce  rf       \ 
Uj/cku  I 

TH  E  power  of  contraftiooi  with  which  the 
mufcles  of  animals    are  endued,  and    by 
which  they  perform  all  the  nu)tIons  of  the  body, 
is  different  from  any  property  inherent  in    any 
other  kind  of  matter.   *  But  though  the  moft  re- 
markable examples  of  mufcular  contradion  are  ob- 
ferved  among  animals,  yet  we  are  by  no  means 
authorized  to  conclude,  that  the  vegetable  king- 
dom is  wholly  deftitute  of  fimilar  powers  ;   on  the 
contrary,   the  expanfion  and  contra&ion  of  the 
flowers  and  leaves  of  plants,  according  to  the  de- 
gree of  heat,  and  the  circulation  of  their  lap,  are 
ftrong  arguments  in  favour  of  the  opinion  that  they 
are  furni(hi:d  with  organs  truly  mufcular  i  and  the 
convulfive  motions  excited  by  touching  the  ftamina 
of  certain  plants  fcem  t;o  place  this  matter  beyond 
difpute. 

Under  the  head  of  anatomy,  the  general  out« 
lines  of  the  ftrudture  of  the  mufcular  organs  have 

been 
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been  already  conlidert;^  ^  Jbut  nothing  further  was 
advanced  on  the  prefent.  iubj^ft^  than  that  mufcte 
are  contraftilQ  mafles  compo&ciof  numerous  mi- 
nute, and  in  general  red  ♦,  fibres,  ^rpmbined  together 
in  bundles  by  cellular  fubftancp.  Such,  therefore, 
being  the  ftrudkure  of  mufcjes,  little  credit  appears 
to  be  due  to  the  fuppofuion,  that  mufcular  contraction 
depends  on  an  influx  of  blood  or  any  other  fluid 
into  minute  bladders  or  cells ;  and  it  mufl  remain 
undetermined,  whether  the  ultimate  moving  fibres 
arc  tubular  or  fblid  j  whether  they  confift  of  chains 
of  rhomboidal  vefTels,  as  has  been  imagined  by  fbme 
phyfiologifts,  or  whether,  as  others  have  thought^ 
they  contain  a  kind  of  down  or  woolly  fubflancc. 

When  mufcles  are  thrown  into  aftbn,  they  be- 
come Ihorter,  broader,  and  more  denfe,  or  folid,  to 
the  touch ;  their  bulk  does  not  feem  to  be  on 
the  whole  increafed,  nor  are  they  found  to  be  of  a 
paler  colour. 

Mufcles  never  aft  but  from  fomc  excitbg  caufe ; 
of  thcfe  one  of  the  mofl  frequent  and  curious  is 
volition,  by  which  every  day's  experience  teaches 
us  we  have  the  power  of  throwing  the  greater 
number  of  our  mufcles  inro  aftion.  Over  Ibmc 
of  our  mufcles,  however,  as  thofe  of  the  inteftines, 
and  the  heart,  the  will  h^s  no  influence,  and  thcle 
are  therefore  tailed  mufcles  of  involuntary  motion. 
What  is  the  nature  of  the  influence  which  the  will 
exerts  over  mufcles,  we  can  never  hope  to  difco- 
vcrj  but  it  is  of  importance  to  remark,  that,  the 

»  The  colour  proceeds  fi-om  the  blood,  which  the/  contain  in 
ttdnttte  vcflels. 

nerves 
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nerves  are  the  organs  by  which  this  influence  h 
exerted ;  for  the  nerve  leading  to  any  p&rticular 
limb  being  divided^  we  are  no  longer  able  to  move 
that  timb  at  our  pleafurc 

Befides,  however,  being  influenced  bjr  the  will, 
mu/cles  are  thrown  into  a<%ion  by  feveral  other 
cauies>  fuch  as  chemical  or  n^chanical  injury,  and 
ftill  more  remarkably  by  the  eleftric  Ihock,  which 
influences  mufcles  infcnfible  to  every  other  kndwil 
ftimulus. 

-  Mufcles  retain  a  contradWe  power  for  a  cod- 
'  fiderable  time  after  they  are  removed  from  xht 
living  body;  this  power,  however,  gradually  di-» 
minifhes,  till,  {boner  or  later,  according  to  a  variety 
of  circumftanccs,  it  ccafes  altogether*  The  mulcles 
of  involuntary  motion,  when  removed  from  the 
reft  of  the  body,  retain  their  contradUlc  power 
longer  than  thofe  of  voluntary  motion;  the  fbrn*er, 
indeed,  from  this  circumftance,  as  well  as  from  their 
uninterrupted  motion  in  the  living  body,  fcem  to  be 
poflcfl[ed  of  a  capacity  for  contra<^ion  beyond  that 
of  the  other  mufcles. 

What  has  been  hitherto  ftated,  relates  principally 
to  the  more  renurkable  mufcular  contractions,  Iqr 
which  the  aAions  of  the  body  are  performed ;  but 
it  is  to  be  remembered,  that  befides  thefe  occafional 
contractions,  there  is  a  continual  tendenc)r  in  the 
mufcular  fibre  to  ihorten  itfelf  i  and  even  after 
death,  when  a  mufcle  is  divided,  the  wounded  ex- 
tremities recede  from  each  other.  A  llrong  iHui^ 
tratipn  of  this  circumftance  is  obtained,  by  obferv* 
ing  the  confequence  of  dividing  a  mufcle  b  the 
living  body,  for  in  this  cafe  its  antagonid  will  con- 
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ftandjr  draw  the  part  which  thefe  tnufcles  were  dtf-» 
figned  to  move,  towards  its  own  fide. 

That  power  by  which  the  different  parts  of  ^ 
mufcle,  divided  after  death,  recede  from  each  other, 
is  called  the  vis  mortua,  and  is  common  to  mufclei 
s         and  other  animal  fibres.     The  power  by  which  i 
mufcle  obeys  a  ftimulus  after  being  ieparated  from 
i         the  body,  or  after  its  communication  with  the  fen- 
-         Ibrium  has  been  cut  off  by  other  means,   as  by 
dividing  or  tying  its  nerves,  has  been  called  its  vis 
infita.     This  power  is  more  peculiar  to  life ;   and 
=         though  it  may  continue  for  a  few  hours  after  death^ 
i         yet  it  difappears  much  fooner  than  the  former.    It 
was  fuppofed  by  Haller  to  exift  wholly  independent 
of  the  nerves,  but  this  opinion  has  neither  becii 
f         eflrabliflied  nor  refiited.     The  capacity  of  mufcles 
to  obey  the  influence  of  nerves,  is  called  the  vis 
I         iicrvca.     The  power  which  we  poffefs  of  xCalfing 
I         the  mufcles  into  action  by  a  voluntary  effort,  dc- 
i         pends  on  a  relation  eftablilhed  by  God,  and  not  on 
r         the  direftiYig  influence  of  the  human  foul,  fince  we 
havcnaconception  of  the  intimate  ftrufturc  cither 
of  the  nerves  or  mufcles.     It  is  true,  that  by  habit 
I         we  acquire  a  more  exaft  command  over  our  muA 
des  in  moft  inftances,  yet  the  operation  of  fuck- 
I         ing,  in  which  a  variety  of  mufcles  operate  in  a 
I         complex  manner,  is  performed  by  a  new  bom  in- 
[         fant ;  and  the  young  of  many  animals  can  walk  im- 
mediately after  birth.  » 
I            The  extent  of  the  contraction  of  a  mufcle  has  bee/i 
Kmited  by  fomc  anatomifts  to  one  third  of  its  length* 
This  flatement,  however,  though  it  may  be  nearly 
I       *  juft  with  refpedt  to  the  greater  number  of  mufcles, 
I           Voullh                  Cc  is 
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is  by  flo  means  true  with  refpcd  to  all.  The  m^ 
'  cular  coat  of  the  bladder  for  example,  will  admit  of 
that  organ  containing  a  quart  of  fluid  matter,  with- 
out much  inconvenience,  and  at  the  fame  time  is 
fo  contrafbile  as  to  be  capable  of  expelling  almofi 
every  drop  in  a  very  Ihort  time. 

But  the  extenfive  effeft  of  mufcular  contrafUoa  is 
not  owing  only  to  the  degree  to  which  a  mulclc  caa 
ihorren  itfelf,  but  alfo  to  the  direftion  of  its  fibres 
Thus  obl'qtiC  niufcles  produce  a  much  more  extea- 
five  motion  than  thofe  v/hich  are  ftr^it,  and  this 
extenfivenefs  of  motion  is  proportioned  to  the  obli- 
^ qui ty  of  the  mufclc.  What  is  gained,  however,  id 
extenfivenefs  of  modon  by  the  obliquity  of  fibres, 
h  loft  in  force ;  but  this  is  more  than  compeniated 
by  the  oblique  ilrudlure,  allowing  fpace  for  a  much 
greater  number  of  mufcular  fibres.  Oblique  muf- 
jcles  have  therefore  in  both  refpe£ts  the  advanta^ 
oyer  thofe  which  arc  ftrait,  and  are  accordin^y 
much  more  numerous  in  the  animal  machine. 

There  is  no  pait  of  the  ftrufture  of  the  aninud 
body,  which  is  more  calculated  to  excite  our  ad- 
miration, than  the  manner  in  which  the  tendons  o( 
mufcles  are  inferted  into  the  bones.  If  for  inftancc, 
the  mufcle  called  the  biceps,  which  lies  at  theinlide 
of  the  OS  humeri,  and  which  is  defigned  to  bend  the 
fore-arm,  inftead  of  terminating  at  the  upper  part 
of  the  radius,  had  been  inferted  half  way  between 
the  elbow  and  wrift,  it  is  evident,  that  when  the 
mufcle  had  contracted  itfelf  fo  as  to  bring  the  fere- 
arm  to  a  right  angle  with  the  os  humeri,  the  ten- 
don muft  have  ftarted  feveral  inches  from  its  place, 
and  have  given  the  limb  a  very  unpleafant  ap- 
pearance. 
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pcaraftCe,  and  muft  alfb  haVe  ^bcen  attended  with 
fcvefal  real  inconveniences.     By  the  tendon,  how- 
ever,  being  inferted  near  the  joint,  the  motion  of 
the  limb  is  perfornned  without  fo  great  a  rifing  of 
the  tendon  as  to  prove  troublcfome.     By  this  ftruc- 
ture  moreover,  the  motions  of  the  limb  are  much 
quicker  than  if  the  tendon  had  been  inferted  lower 
down  towards  the  wrift.     By   the   tendon  being 
inferred  nearer  the  axis  of  motion,  it  is  alfo  evident, 
that  a  much  fmaller  cbntraftion  of  the  mufcle  is 
fufficient  to  produce  an  efFeft,  than  muft  have  been 
neceflary  to  produce  the  fame  had  the  infertion  of 
the  tendon  been  half  way  between  'the  elbow  and 
.-the  wrift.     That  univerfal  rule 'in  mechanics,  how- 
ever,  that  what  is  gained  in  quicknefs  is  loft  in 
force,  it  muft  be  remarked,  is  applicable  to  this  cafe; 
fo  that  fome  lofs  of  ftrength  neccflarily  attends  the 
acquifition  of  fuperior  celerity.     But  this  incon- 
venience has  been  obviated  by  sk  very  fimplc  ex- 
pedient, that  of  making  the  mufcle  ftrongcr  than 
would  otherwifc  have  been  neceflary. 

Many  very  erroneous  calculations  have  been 
made  with  reipe6k  to  the  force  of  mufcles.  Bo- 
relli  has  been  led  to  conclude  that  the  heart  at 
every  contraftion  exerts  a  force  equal  to  I0o>ooolb« 
while  others  have  pretended  to  difcovcr  that 
this  force  does  not  amount  to  many  ounces.  With 
relpeft  to  the  heart,  however,  wc  really  have  not 
data  on  which  we  can  proceed  with  any  tolerable 
degree  of  prccifion.  There  is  no  mufcle  in  the 
body  more  conveniently  fituated  for  having  the 
force  of  its  contraftion  determined  than  the  biceps 
of  the  arm.  It  will  be  foreign  from  our  preient 
C  c  a  purpofe 
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purpofe  to  mention  all  the  ftcps  of  the  calculation 
with  the  grofs  refult  of  which  I  /hall  in  this  place 
.prefent  the  reader;  it  is  indeed  merely  mentioned 
as  probable,  that  when  we  raife  forty  pounds 
weight  by  means  of  the  fore  arm,  the  biceps  ^exerts 
a  force  at  leaft  equal  to  five  or  fix  hundred  pounds. 

The  furprizing  miifcular  force-  of  tlie  turkey'^ 
gizzard,  has  been  already  noticed. 

From  thefe  obfervadons,  it  appears,  notwith« 
ftanding  the  great  vifible  exertions  of  mu(cu- 
lar  force,  that  the  greater  part  of  their  real  power 
produces  no  apparent  cfFeft,  For  all  mulcles  arc 
jnferted  nearer  the  center  of  motion  than  the 
weights  on  which  they  aft,  and  their  cffcft  is 
therefore  lefs.in  proportion  to  the  fhortnefs  of  the 
lever  on  which  they  aft.  In  moft  of  the  lioibs  the 
""mufclcs  are  inferted  at  very  acute  angles,  which 
throws  their  force  more  nearly  in  the  direftion  of 
the  center  of  motion,  and  confequently  lefiens  their 
effeft.  Many  mufcles  pafs  over  projefting  bones, 
which  increafes  friftion.  But  befides  all  thefe 
caufcs  diminilhing  the  power  of  mufcles,  one  half 
of  their  ftrength  is  exerted  on  their  fixed  extremity, 
for  a  mufcle  in  aftion,  like  an  extended  cord,  exer^ 
an  equal  force  at  both  extremities. 
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ANIMAL    ELECTRICITY. 
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^ccUental  Difcovery  cf  M-  Gaham.^»Am7nal  ik^icitj  cnfy, 
txcited  ly  Metals.-^£xferiments  sn  dead  Jnimah.'^Condii^on 
and  Non-conduSors  of  this  Powef'-^Experments  on  the  linking 
SuhjeS,'~^On  Earth  Worms ^  l^ c^^ Analogy  bet'ween  t&is  Powfr 
and  Ele£iricity,^'>^Shock  of  the  Torpedo^^^Nemfous  Energy, 

AMONG  the  late  difcoveries  in  philofophy 
there  is  not  any  more  curious  than  that  rela- 
tion which  is  found  to  cxift  between  certain  metab 
and  the  nervous  and  mufcular  fyftem  of  animak, 
which  has  received  the  name  of  animal  elcftricity. 
How  far  it  is  confiftent  with  truth  to  refer  this  in- 
fluence to  the  laws  of  clcftricity  may  be  a  pro* 
per  '  fubjeft  of  inquiry,  and'  perhaps  of  fkcpti- 
cifmj  but  it  will  be  ncceflary  previoufly  to  re- 
late the  principal  fads  which  have  been  afcer- 
tained  on  a  fubjeft  fo  novel  in  phyfiology,  and  fo 
little  analogous  to  the  known  principles  of  animal 
exiftence. 

The  Ihock  which  the  mufcles  of  the  human 
frame  receive  from  the  touch  of  the  torpedo,  and  of 
the  electrical  eel*  had  long  been  known  s  but  that 
the  animal  fibre  when  deprived  of  the  principle  of 
vitality  fliould  be  fubjedt  to  a  fimilar  influence,  was 
adifcoveryreferved  for  the  prefent  age.  M.  Gal- 
vani;i  the  profellbr  of  anatomy  at  Bologna,  qbferv- 
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ing  one  day  certain  involuntary  contraftions  and 
motions  in  fome  frogs,  which,  with  little  credit  to 
the  profeffor's'  humanity,  had  been  hooked  by  the 
back-bone  and  fufpended  from  the  iron  galjfadbes 
of  his  garden}  his  curiofity  was  powerfully  excited, 
and  on  examining  minufely  into  the  caufe  of  thefe 
contraftions,  he  found  that  he  could  produce  them 
at  pleafure,  by  touchmg  the  animals  with  two  differ- 
ent metals  at  the  fame  time  in  contad  with  each 
other. 

From  later  obftrvatipns  it  fecms  to  be  fufliciently 
afcertained  that  thefe  involuntary  contraftions  can- 
not be.excited  by  any  fiibftanccs  whatever,  whether 
folid  or  fluid,  except  the  metals,  and  that  the  mutual 
contaft  of  tWo  metals  widi  each  other  b,  in  every  cafe, 
opceflary  to  the  effeft.  Zinc  has  been  found  by  far 
the  moft  efficacious,  efpecially  when  in  contaft  with 
gold,  filver,  molybdena,  fteel  or  copper,  although 
thefe  latter  excite  feeble  contraftions  when  in  contaft 
only  with  each  other.  Next  to  zinc,  tin  and  lead 
feem  to  b^  the  beft  excitors.  When  the  pieces  of 
metals  employed,  and  the  fur  face  of  the  animal  fibre 
with  which  they  are  in  contaft,  are  large,  the 
contraftions  cycited  are  in  general  more  confidcr- 
able,  but  by  no  means  in  proportion  to  thefe  cir- 
cumftances. 

'  In  order  to  obferve  the  phenomena  in  qucftion, 
cut  off  the  head  of 'a  frog.  When  it  has  ccafed  to 
ftruggle,  apply  a  plate  of  zinc  under  its  body,  and  a 
plate  of  gold  to  the  fupcrior  furfacc.  Then  Aide 
the  gold  plate  till  it  conges  in  contaft  with  the  zinc> 
when  the  mufclcs  which  are  further  from  diC'braln 

an4 
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and,fpinal  marrow  than  the  metals^  will  be  thrown 
into  contraction. 

This  eiffcft  will  take  place,  although  the  frog 
With  the  metals  are  placed  on  an4nverted  glafs  jar, 
'  and  a  ftick  of  fealing*wax  is  incerpofed  between  th^ 
hsCtid  of  the  operator  and  the  metals>  that  is,  al« 
thoi^gh  the  animal  as  well  as  the  metals  is  infulated* 
I  mentioned  gold  as  being  tfie  moft  powerful  of  the 
metals,  but  a  plate  of  filver,  a  crown-piece  ibr  in-* 
fiance,  will  anfwcr  the  purpofe. 

Cut  off  the  thigh  of  a  frog  juft  killed  clofe  to  the 
body,  and  lay  bare  the  fciatic  nerv9.  Place  the 
nerve  in  contaft  with  a  piece  of  zinc,  and  let  its  foot 
reft  on  a  piece  of  filver  i  on  bringing  the  two  metals 
into  contact,  the  mufcles  of  the  limb  will  be  con- 
vulfed. 

If  a  piece  of  braft  wire  is  made  to  touch  at  the 

-  fame  time  the  metals  difpofed  as  above  defcribed, 

a  commynication  will  be  formed  between  them,  and 

the  contraftion  of  the  mufcles  will  equally  take 

place. 

If  the  nerve  is  made  to  reft  on  a  piece  of  zinc, 
*  and  the  zinc  is  touched  with  a  plate  of  filver  held 
in  one  hand  of  the  operator,  while  with  the  other  he 
takes  hold  of  the  foot  of  the  frog,  the  inffuence  will 
pafs  through  the  body  of  the  operator,  and  the  limb 
will  alfo  be  convulfed, — Thefc  experiments  muft  be 
performed  before  the  nerve  becomes  dry  by  expo* 
fure  to  the  air. 

In  order  that  thcfe  contractions  (hould  be  pro- 
duced, it  is  not  neceflary  that  either  of  the  mecals^ 
ihould    be    in   aAual   contact,  with  the    animal 
ia  which  the  convulfions  are  to  be  excited ^  as. 
Cc4  the 
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tlie  intctpoGtion  of  pieces,  of  boiled  or  putrid 
beef  were  found  by  Dr.  Monro  not  to  prevent  tfac 
cffeft. 

By  an  experiment  of  Dr.  Fowler  the  ianne  &£fc 
is  proved.     He  found  that  if  a  frog,  of  which'  tbe 
head  ihould  be  firft  cuto£F,  is  divided  into  two  paiTS> 
juft  above  the  origin  of  the  fciatic  nenres,  and  put 
il^to  ^  baibn  of  water,  the  hind  legs  may  be  thrown 
intoftrong  contraftions,  by.  bringing  zinc  and  (iivcr 
into  contact  with  each  other,  at  the  diftance  of  at 
leaft  an  inch  from  the  divided  fpine,  (b  long  as  they 
are  kept  nearly  in  a  line  with  it.    Water  in  this 
cafe  is  the  only  communication  between  the  metals 
and  the  origin  of  the  nerves. 

Dr.  Fowler  remarks,  that  he  has  frequently  pailed 
this  influence  through  a  great  length  of  thin  brafs 
wirCj  and  through  the  bodits  of  five  perfbns  com- 
municating with  each  other  by  dipping  their  fingers 
in  bafons  of  water  placed  between  them ;  yet  it  did 
not  appear  to  have  loft  any  of  its  force  in  this  k>ng 
and  difiufed  paflage ;  for  the  contradtions  excited  in 
the  frog*s  leg  were  equally. ftrong,  as  when  it  had 
paffcd  only  through  one  perfon.     Dr.  Fowler  made 
many  experiments  in  order  to  difcovcr  what  fub- 
fiances  were  cojidudtors  and' what  non-conduiStorsof 
this  influence.    He  found  that  all  metals  when  pure 
were  excellent  conduftors  i  that  they  were  not  quite 
fa  good  when  in  the  ore;  and  as  far  as  he  could 
afcertain,  leaft  io  when  in  the  ftate  of  metallic  falts. 
From  trials  which  he  made  with  fome  of  the  calces 
of  metals  he  concludes,  that  in  that  ftate  their  ca- 
pacity as  condudors  is  quite. deftroyed.      Stones 
feemed  to  be  pofiefied  of  no  conducing  power. 
6  The 
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The  different  non-condii£bors  of  cleftriclty  were 
found  to  be  non-condu6lors  of  this  influence. 
Living  vegetables  afforded  it  a  reaiiy  palTage,  pro*  i 

bably  from  the  fluids  which  thejr  contain.     Oils  of 
all  kinds  were  fo  far  fronn  conducing,  that  if  the 
fingers  of  the  perfon  holding  cither  the  probe  or  the 
zinc  have  perfpired.  much,  even  this  operates  as  a 
complete  obftruftion  to  the  paffage  of  the  influ- 
ence ;   the  inftant  the  perfpircd  matter  has  been 
wiped  away,  and  the  fingers  have  been  dipped  ia 
water,  it  again  paffes  and  excites  contraftions.     Dr, 
Fowler  wifhed  to  afcertain  whether  it  paflcd  over 
the  furface  or  through  the  fubftance  of  metals ;  he 
coated  feveral  rods  of  different  metals  with  iealing*- 
wax,  leaving  nothin;z  but  their  ends,  by  which  they 
were  held,  uncovered,     Contraftions  were  excited 
as  readily  through  the  medium  of  thefe,  as  if  they 
had  not  been  coated.     It  fecms  to  meet  with  noi 
obftruftion  in  pafling  from  link  to  link  of  feveral 
chains,  even  when  no  prcffure,  except  that  of  their 
own  weight,  is  ufed  to  bring  them  into  conta^h 
Dr.  Fowler  was  led  from  this  to  hope,  that  he 
ftiould  be  able  to  make  it  pafs  through  a  very  thin 
plate  of  air.     He  therefore  coated  a  ftick  of  fcal- 
ing-wax  with  a  plate  of  tin-foil,  and  then  made  an 
almofl:  imperceptible  divifion  acrofs  it  with  a  (harp 
pen-knife  \  but    even  this  interruption  of  conti- 
nuity in  the  conduftor  was  fufficient  effeftually  to 
prevent  its  paflage. 

Dr.  Fowler  next  proceeds  to  examine  whether 
the  capacity  of  different  fubftances,  as  condu<5):ors . 
or  non-conduftors,  was  at  all  effected  by  differ-, 
cnces  of  their  temperature  \  but  this  was  not  the 

cafij. 
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cafe  with  zinc,  iron>  water,  coal,  or  a  common 
crucible,  the  only  fubftanccs  with  which  he  cried 
the  experiment. 

The  effcfts  of  this  influence  may  be  fclt  in  oor- 
ftlves  by  a  very  eafy  experiment.  If_  a  piece  of 
lead  is  applied  to  the  upper /part  of  the  poinc  of  the 
tongue  while  a  piece  of  filver  is  applied  to  the 
iHider  part,  upon  bringing  the  two  metals  into  con- 
ta£t,  a  fomewhat  pungent  fenfation  will  be  felt,  ac« 
companied  by  a  ftrong  metalline  tafte  of  ibme 
duration.  The  fame  fenfation  takes  place  thou^ 
both  of  the  metals  are  prevented  from  touching  the 
tongue  by  the  intcrpofirion  of  moiftcned  paper. 

Dr.  Fowler  fays,  he  could  never  perceive  that 
the  fenfes  either  of  touch  or  fmell  were  in  the  Icaft 
afl^e£kc(i  by  the  metals ;,  but  the  cfFcft  which  they 
produce  on  the  eye  is  very  remarkable.     Having 
laid  a  piece  of  tin-foil  on  the  point  of  his  tongue, 
he  placed  the  rounded  end  of  a  Giver  pencil  cafe 
againft  the  ball  of  his  eye,  in  the  inner  canthus,  ar.4 
fuffcred  them  to  remain  in  thefe  fituations  till  the 
parts  were  fo  accuftomcd  to  them,  that  he  coulci 
examine  the  fcnfations  produced ;  he  then  brought 
the  metals  into  contadt  with  each  other^^  and  to 
his  furprife,  perceived  a  pale  flalh  of  light  diffufe 
itfclf  over  the  whole  of  his  eye.     His  tonjgue  was 
at  the  lame  time  afFcfted  with  a  fimilar  fenlation  to 
that  produced  when  both  of  the  merals  are  in  con- 
tadt  with  it.     On  darkening  the  room  the  flalh  be- 
came more  diftinft  and  of  a  ftronger  colour.    If 
the  experiment  is  made  with  zinc  and  gold,  inftcad 
of  tin-foil  and  filver,  the  flafli  is  incomparably  more 
vivid.     By  infinuating  a  rod  of  filver  as  far  as 
'       *^  ,  {)ofliblc 
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poflSble  up  the  nofe  and  then  bringing  it  into  conta^^ 
with  a  piece  of  zinc  placed  upon  his  tongue^  he  alfo 
liicceeded  in  producing  the  fenfation  of  a  flafl^of 
light,   rather  more  vivid    than  when  the  filvcr 
was  in  contad  with  the  ball  of  the  eye.    Dn  Fowler 
alfo  mention*  that  his  friend,  Mr.  George  Hunter 
of  York,  difcovered  that  by  placing  one  of  the 
metals  as  high  up  as  poffible  between  the  gums  and 
the  upper  lip,  and  the  other  in  a  fimilar  iituatioa 
with  regard  to  the  under  lip,  a  flalh  was  produce4 
as  vivid  as  that  occafioned  by  paffing  one  of  the 
irietals  up  the  nofe,  and  placing  the  other  upon  thc^ 
tongue.     It  differs,  however,  from  the  flafli  pro*, 
duced    in    the  other   way,    in  the  fmgular  cir- 
cumftance  of  not  being  confined  to  the  eye  alone, 
but  appearing  diffufed  over  the  whole  fece.     On 
repeating  the  experiment  myfelC  and  attending  to 
the  concomitant  fenfacions. produced  by  this  dilpo- 
fition  of  the  metals^  I   perceived  that  ^  fenfe  of 
warmth,  at  the  inftant  that  they  were  brought  inio 
contact,  diffufcd  icfclf  oyer  the  whole  upper  furface 
of  the  tongue,  proceeding  from  its  root  to  the  point. , 
Dr.  Rutherford,  to  whom  Mr.  Hunter  had  commu-. 
nicated  this  experiment,  remarked,  on  repeating  it, 
that  a  fia(h  is  product  not  only  at  the  inftant  die 
ipetals  are  brought  into  contadt,  but  likewifc  at  the 
ihftant  of  their  feparation  -,  whik  they  remain  ia 
contaft  no  flalh  is  obfcrved.     Tbcfe  curious  pheno-, 
mena  demonftrate  the  free  communication  which 
fpbfifts  between  the  fcyer^l  branches  of  the  fifth  pair, 
of  Jierves. 

The  following  curious  fad  is  alfo  taken  from  Dr. 
fowlei  *s  ingenious  and  entertaining  bopk  ctn  animal? 

electricity. 
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dcftricitjr.     He  laid  a  leech  on  a  crown-piece  of 
filver,  placed  in  the  middle  of  a  large  plate  of  zinc. 
The  animal  moved  its  mouth  over  the  furfacc  of  the 
fllvcr  without  exprcfling  the  leaft  uneafincfe  1   but 
having  ftretched  beyond  it  and  touched  the  zinc 
plate  with  its  friouth,  it  inftantly  recoiled  as  if  in 
the  moll  acute  pain,  and  continued  thus  alternately 
touching  and  recoiling  from  the  zinc,  till  it  had  the 
appearance  of  being  extremely  fatigued.     When 
placed  wholly  upon  the  zinc,  it  feemed  pcrfeftly 
at  its  eafe ;  but  when  at  any  time  its  mouth  came 
in  contaft  with  the  filver  lying  upon  the  zinc,  the 
fame  expreflion  of  pain  was  exhibited  as  before. 
With  the  earth  worm  he  found  that  the  experinnent 
fucceedcd  ftill  more  decifively.     The  animal  Iprang 
from  the  zinc  in  writhing  convulfions ;   if^  when 
the  worm  ftrejched  itfclf  forwards,  one  of  the  folds 
came  upon  the  zinc,  it  cxpreffed  little  uneafincfs  in 
comparifcfn  of  what  it  fhewed  when  the  point  of  its 
head  touched  the  zinc. 

Whether  this  influence,  whatever  it  may  be,  is 
.  derived  from  the  metals  alone,  or  whether  the 
animals  contribute  to  its  produdbion,  is  not  cafy  to 
determine. 

On  re-confidering  the  phenomena  exhibited  by 
this  newly  difcovcred  influence,  we  (hall  perceive  thaJ 
in  fome  refpefts  it  remarkably  refembles  eledricity^ 
and  in  others  as  remarkably  dijffcrs  from  it. 

Like  the  deftric  fluid,  it  ftimulatcs  mufcles  to 
contraftion.  Like  that,  its  progrefs  is  arrefted  by 
gla(s,  fealing  wax,  &c.  while  it  is  conducted  by 
metals,  moifhire,  &c.  Dr.  Valli  informs  us,, 
tfiat  he  obferved  the  hairs  of  a  moufe,  attached 

to 
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to  th«  nerves  of  frogs  by  the  tinfoil  wdi  which 
he  furrounded  them,  alternately  attrafted  and 
repelled  by  each  other,  whenever  anbther  metal 
was.fo  applied  as  to  excite  contraftions  in  thd 
frogs,  •     * 

Like  the  eledkrlc  fluid,  it  excites  a  fenfation  of 
pungency  in  the  tongue;  and  pafles  with  fimllar 
rapidity  through  the  bodies  of  animate. 

It  differs  from  the  elcftic  fluid  in  many  re- 
ipefts. 

In  order  to  excite  the  elcftric  power,  it  is  ne- 
c^ffary  that  there  fiiould  be  motion  or  friaion 
between  two  fubfl:ixu:e&;~an  eleftric  and  a  con- 
dudkor.,  Animal  electricity  is  produced  by  two 
metalst  which  are  both  condudors  and  without 
fridion. 

Adtording  to  Dr.  Fowler,  charcoal  is  a  better 
Gondudtor  of  eledlricity  than  the  fluids  of  animal 
bodies.  Wliereas  he  never  could  make  the  in* 
fluence  in  queftion  pafs  through  charcoal. 

Dr.  Fowler  in  oppofition  to  Dr.  Valli  alledges, 
that  he  could  not  obferve  that  the  nicefl:  eleftro- 
meters  were,  affefted  by  this  influence. 

The  fame  author  remarks,  that  the  mofl:  important 
and  charadberiftical  difference  which  he  has  yet 
been  able  to  difcover  between  this  new  influence' 
and  eleftricity,  confifts  in  their  cffe(9ts  upon  the 
qontraftile  power  of  animals  and  of  plants.  The 
contra£tions  of  animals  excited  by  eleftricity,  have  a 
tendency  to  deftroy  that  power  upon  which  con- 
traflions  depend.  But  the  contraftions  excited 
by  the  application  of  the  metals,  have  in  all  his 
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cxperimencs  had  the  dirc£tiy  oppofite  tfk&. 
The  more  frequendy  contm6bians  hare  been  in 
diis  way  excited,  the  tonger  they  continue  ex- 
citable; and  the  longer  are  the  ^  parts  upon 
which  fuch  experiments  are  nude,  prefcrved  from 
putridity. 

It  is  faid  that  a  ftream  of  clcftricity  pafled 
through  a  fenfitive  plant,  produces  an  almoft  im<- 
mediate  collapfe  of  its  ledves  5  but  the  influence 
in  queftion  produced  no  fuch  efie£^  in  an  experi^ 
ment  made  by  Dr,  Fowler. 

The  fame  attentive  eiqxrimentalift  eleftrificd 
both  poQdvely  and  negatively  frogs,  whofe  heads 
had  been  feparated  from  their  bodies.  Ii>  thefe 
circumftanccs  the  effedts  of  the  influence  in  queftion 
took  place  in  the  fame  manner  and  degree  as  when 
tio  artificial  electricity  was  prcfent. 

When  there  is  a  breach  of  equilibrium  in  the 
diftribudon  of  the  eledric  fluid,  all  that  is  required 
in  order  to  reftore  the  equality  of  diftributian,  is 
the  interpoiition  of  a  fingle  conducting  fubftance 
between  the  place  in  which  it  abounds,  and  that 
in  which  there  is  a  deficiency  ;  whereas  if  the 
phenomena  of  animal  eledtricity  are  to  be  attributed 
to  the  fame  caufe,  it  does  not  appear  why  two  con- 
dueling  fubftanccs  (hould  be  neceflTary. 

In  eftablifliing  a  communication  between  two  op- 
pofite  electricities,  as  for  example,  between  the  two 
fides  of  a  charged  phial,  it  is  master  of  indiflfercnce 
to  which  the.  conductor  is  firft  applied ;  but  it  is 
by  means  fo,  in  producing  the  phenooKna  of  ani«* 
mal  electricity;  for  if  one  branch  of  a  conduc-^ 
tor  is  applied  to  the  tin- foil  arming  a  nerve,  before 
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the  other  branch  has  been  applied  to  the  mulcles, 
it  frequently  fails  to  excite  contra6Hons.  If  firft 
applied  to  the  mufcles^  i;his  is  very  feldom  the 
caie.  ' 
'  From  fome  trials  which  Dr.  Fowler  made  with 
the  artificial  and  natural  loadftones,  and  a  very  fen- 
fcnfible  magnetic  needle,  he  faw  no  reafon  to  fup- 
pole  that  this  new  influence  was  in  any  way  con- 
liefted  with  magnedfm. 

Animal  eledlricity  is  evcn.found  to  differ,  in  fomc 
refpefts,  from  that  power  by  which  the  torpedo, 
gymnotus,  &c,  produce  their  fhocks.  We  arc 
told  by  Mr.  Cavendilh,  that  Mr.  WalQi  found  that 
the  (hock  of  the  torpedo  would  not  paft  through 
a  fmall  brafs  chain.  It  refembles  the  power  of  the 
torpedo,  however,  in  producing  its  efFefts  almoft 
equally  well,  when  both  it  and  the  fubjeft  upon 
which  it  afts  are  infulated  from  furrounding  con- 
duftors.  The  fliock  of  the  torpedo,  &c.  leems 
to  depend  entirely  on  the  will  of  the  animal ; 
but  the  will  of  the  animal  has  no  Ihare  in  the 
produftion  of  the  phenomena  difcovered  by 
Galvani. 

That  this  influence  is  not  the  feme  with  the 
nervous  energy  appears  from  its  not  being  flop- 
ped by  a  tight  ligature,  or  by  the  tranfverfe  in- 
cifion  of  a  nerve,  provided  its  parts  arc  again 
brought  into  clofe  contaft.'  The  nervous  energy 
is  effcftually  (lopped  by  a  tight  ligature  or  a  tranf- 
verfe inci(ion  ;  and  placing  the  divided  extremities 
into  the  clofeft  contaft  has  no  efFeft  in  reftoring  its 
influence  on  the  parts  of  the  body  to  which  the 
divided  nerve  was  diftributed; 
.•4^  On 
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,.  On  the  whole  it  may  be  remarked,  that  the  in- 
fluence difcovcrcd  by  Galvani  refcmbies  el^dricitjr 
more  thail  any  other  known  law  of  nature.  But  ic 
differs  in  fo  many  inftanccs  even  from  it,  that  ki 
the  prefent  ftate  of  our  knowledge,  we  muft  con- 
fider  it  as  a  newly  difcovered  law  in  nature  5  though 
foture  experience*  and  more  cxtenfive  obfervadon 
may  lead  to  a  different  conclufion. 


Chap. 
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Chap.     XXXVI. 

SENSATION* 

Jl}ijiiuity  tfthe  Suhje^.-^Sen/aticn  the  EfeSi  of  certain  JtitdHons 

efiablijhed  by  the  Creator, -^Obje^is  of  different    Senfes, /«- 

fluetiee  qf  the  Ner'ves  in  con'oeying  Senfaiions  to  the  Brain.^-^The 
Brain  the  ReprJiio>y  of  Ideas  .^Inftina  of  Animals  as  corme&ed 
•with  the  nervous  Svftem. — Harmony  of  the  Senfes. '^Duration 
effenfible  ImprefJions^^^The  Fi*ue  Senfes, 

FROM  the  ddnflderation  of  the  other  func- 
tions to  that  of  fenfation,  the  tranfttion  muft 
be  abrupt  and  without  gradation.  We  now  enter 
en  a  fubjeft  above  all  others  the  moft  intricate 
and  difficulty  and  on  which,  fince  reafon  is  engaged  in 
difcovcring  the  fource  whence  it  derives  thofe  ideas 
on  which  it  afts^  we  muft  neccflarily  reafon  in  a 
Ci,rclei 

Senfation  is  the  link,  by  which  the  Deitj^has  cori-^ 
Hefted  th«  material  to  the  immaterial  world.  A^ith- 
out  fenfation,  in  vain  would  the  ftars  have  befpanglcd 
the  firmament  of  heaven^  in  vain  would  that  glori- 
ous objeft  the  fun  have  been  appointed  to  illumi-* 
nate  and  cherifh  the  productions  of  the  earth  i  they 
could  have  been  nothing  to  beings  who  muft  have 
been  unconfcious  even  of  exiftence ;  and  the  ma** 
terial  world  would  have  been  a  work  without  utilitj^ 
Ordefign. 

Senfation  is  the  confeqtsenCe  of  certam  eftablifhed 
relations  between  objcdbs ;  of  thefe  relations  wi 
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can   give  ho  account,  for  they  appear    equal!/ 
above  our  comprchcnfion  with  the  principles  of  gra- 
vitation, elcaricity,  or  magnetifm.     Rdations  be- 
tween the  matter  of , light,  the  objc6b  of  vifion, 
and  the  eye,   produce   fight  j    relations  between 
certain  vibrations  of  the  air  and  the  fenforium  of 
the  ear  produce  hearing,  and  fo  of  the  other  ienfes. 
Wc  by  no  means,  however,  can  pretend,  in  any  of 
shcfe  cafesi  to  determine  all  the  intermediate  caufcs 
arid  cfFv-'fts  between  the  quality  in  a  body,  which 
renders  it  an  objedk  of  fenfacion,  and  the  perceptioo 
in  burCclves  i  nor  arc  we  by  any  means  authorized 
to  conclude,  that  our  percept^ions  are  juft  emblems 
of  the  objeds  which  occafion  them.     But  this  cir- 
cumftance,  upon  which  fo  much  has  been  faid,  can 
be  to  us  of  little  importance,  Tince  it  ftill  remains 
equally  true,  that  our  fcnfations  are  regulated  bf 
fixed  laws  eftablifhed  by  the  Deity  himfel^  and  fincc 
we  mud  fuppofc  that  the  Creator  of  the  univerfe 
has  ordered  all  things  in  wifdom  and  goodnefs. 

We  are  ignorant  of  the  means  by  which  the 
objedts  of  fenfation  affedl  the  body  j  but  the  moft 
obvious  and  fimple  idea  chat  we  can  form  on  this 
fubjed  is,  that  they  ad  by  impulfe.  Thus  the 
rays  of  light  are  known  to  travel  widi  aftonifliing 
velocity,  and  to  poffcfs  a  power  of  moving  light 
bodies.  Sound  is  a  tremulous  motion  of  the  air, 
capable  of  being  communicated  to  bodies  in  har- 
monic proportion  with  it.  Odorous  particles  require 
-the  afliftance  and  motion  of  air  to  aiFeft  the  organs 
of  fcent.  The  objefts  of  tafte  are  more  perfcftly 
perceived  by  being  prcflcd  between  the  songue  and 
palate.     In  order  to  feel  any  thing,  it  i«  neceflary 
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that  the  fkin  Ihould  be  prcfled  againft  it  with  ^ 
«  certain  degree  of  force,  or,  what  is  (till  more  efFec- 

*  tual,  rubbed  over  its  furface. 

^  The  inftruments,   which  are  defigned  to  con- 

i  vey  the  cffefts  produced  bjf  material  objefts  on 

I  the  organs  of  fenfation  to  the  brain,  are  the  nerves, 

t  which  have  been  already,  defcribed  as  diftributed 
to  the  feveral  parts  of  the  body,  and  more  parti- 

f  cularly  to  the  organs  of  fenfationi     What  is  the 

\  difference  of  ftrufture,  which  adapts   the  feveral 

c  nerves  to  the  feveral  organs  of 'fenfation,  we  know 

I  .    hot,  nor  can  we  determine  whether  certain  parts  of 

•  the  brain  corrcfpond  with  the  nerves  connefted  with . 
I  certain  organs  of  fenfation,  and  are  dcftincd  to  pre- 

I  ferve  the  ideas  received  by  thcfe  particular  organs^ 

\-  or  whether  the  whole  brain   is  common  to  the 

J  whole  ftock  of  our  ideas '  and  fcnfations  i  though 

J  thcfe  have  been  fubjefts  of  much  (peculation,  it 

has  not  even  yet  been  afcertained,  whether  any  ma- 
terial impreflion  whatever  takes  place  in  the  brain 
;    in  confequence  of  impreffions  on  our  fenfes  j  and 
until  this  queftion   is  determined,   we   cannot  be 
'  prepared  to  examine  the  other.     That  the  brain, 
however,  is  really  in  fome  way  or  other  the  repo- 
fitory  of  our  ideas,  we  may  venture  to  concludcj 
fince  a  perfon  who    lofes  an  organ  of  fenfation 
docs  not  lofe  the  ideas  previouQy  acquired  by  it  ^ 
and  (ince  perfens   fomedmes  complain  of  paid, 
feated  in  the  extremity  of  a  limb  of  which  they  have 
long  finee  been  deprived. 
s  There  have  been  of  late  years  fome  curious  fpc- 

j  culations  among  philofophcrs  with  relpeft  to  the 

1  material  caufe  of  inftindt  in  animals,  and  as  there 
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is  ibme  plaufibility  in  their  reafoningSj  ic  may  be 
worth  while  briefly  to  mention  the  outlines  of  their 
fyftcm.  They  fuppofe  that  the  motions  of  animalsj 
comnaonly  .called  inftinftivc,  arife'from  a  connexion* 
of  the  nerves  belonging  to  diflfcrent  parts  in  the 
brain.  In  this  manner,  when  the  young  bird  hears 
the  call  of  its  mother,  and  opens  its  beak,  they  fup- 
pofe this  efFeft  to  be  owing  to  an  original  coqncfkion 
between  the  auditory  nerve  and  the  nerves  commu- 
ijicating  with  the  mufcles  employed  in  opening  the 
bird's  beak.  When  a  new-born  quadruped  per- 
forms the  complex  adipn  of  fucking,  in  confequence 
of  tlic  application  of  its  nofe  to  the  teat  of  its  mo- 
ther, they  attribute  its  capacity  for  executing  a 
funftion,  in  which  fo  many  mufcles  are'employed, 
jto  a  connexion  originally  exifting  in  the  brain^  be- 
tween the  nerves  of  its  nofe  and  thofe  which  belong 
to  the  organs  employed  in  fucking.  The  moft 
complex  inftinftive  aftions  of  animals,  according  to 
thefe  philofophers,  may  be  explained  on  the  fame 
hypotliefis. 

The  qualities  of  bodies,  as  perceived  by  oqe  lenie, 
are  very  frequently  conncfted  with  others  per- 
ceived in  the  fame  bodies  by  the  other  fenfcs :  thus, 
apparent  unevennefs  of  furiace,  is  united  with  a 
roughnefs  to  the  touch  j  apparent  vibration,  with 
found  i  and  there  is  a  certain  analogy  between  the 
odours  and  taftes  of  many  bodies,  Thefe  conclu- 
fions,  however,  are  to  be  referred  to  our  previ- 
ous experience,  and  by  no  means  authorize  us  to 
think  that  there  is  any  fimilitude  in  the  mode  of 
perception  between  the  fenfes  of  feeing  and  hear- 
ing, feeing  and  feeling,  or  tailing  and  fmelling.  It 
b  faid,  that  there  have  been  perfons  whp  could  diftin- 

guifh 
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guilh  colours  by  the  fenfe  of  feeling;  but  if  they  did  > 
it  rnuft  evidently  have  been  from  fome  difference  of 
roughnefs,  fnnoothnefs,  &c.  refulting  from  the  ma- 
terials employed  in  colouring,  and  not  from,  any 
property  inherent  in  the  diflferent  colours  as  objefts 
of  fight. 

It  is  ordained  by  our  Creator,  for  the  moft  im- 
portant purpdfes,  that  our  fenfations  ^fhould  not  be 
too  evanefcenti  and  it  requires  fome  time  after  one 
impreffion  is  made  on  an  organ  of  fenle,  before 
that  orgaR  can  receive  another.    This  is  proved  by 
a.  very  fimple  and  decifive  experiment.     All  of  us 
have  probably  obferved,  when  a  ftick  lighted  atone 
end,  .or  a;  coal,  is  whirled  round  with  a  certain  de- 
gree of  velocity,  that  the  whole  circle  which  it  per- 
forms appears  equally   illuminated,   and  that  wc 
cannot  determine  at  >vhat  point  of  the  circle  the  fire 
really  is  5  and  the  fame  circumftance  may  be  ob- 
ferved in  the  blending  of  colours,  which  are  yet 
'marked  diftinftly  on  a  wheel  before  it  is  turned. 
The  evident  caufe  of  thefe  appearances  is  in  the  eye ; 
and  in  the  firft  cafe,  when  we  fix  oqr  eye  on  any 
point  of  the  circle  made  by  the  evolution  of  a  lighted  • 
coal,  the  illuminated  objeft  again  returns  to  that 
point  before  the   fenfation  previoufly  produced  is 
worn  off:  and  the  blending  of  the  colours  on  a 
wheel  is  explained  in  the  fame  way ;  for  the  im- 
prelTion  made  by  one  colour  remains  till  the  other 
arrives  and  mixes  with  it.     It  is  alfo  well  known, 
that  perfons  who  have  the  bell  and  quickefl  ears* 
for  mufic  cannot  judge  accurately  of  more  than  a 
certain  number  of  notes  in  a  fecond  of  time.     In. 
numerable  facts,  indeed,  may  ferve  ta  convince  us, 
D  d  3  i^i 
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that  the  mind  cannot  well  attend  to  two  or  more 
fcnfations  at  the  fame  time  *•  Hold  your  tongue^  I 
faid  a  Frenchman,  you  talk  fo  I  cannot  taftc  my 
meat.  The  Frenchman  was  certainly  right  i  for 
attention  of  mind  is  not  lefs  neceffary  to  full 
perception,  thaa  a  healthy  ftatc  of  the  oiigan  of 
fenfe. 

All  authors  are  agreed,  that  our  knowledge  of 
external  objeds  is  entirely  acc^uircd  through  the 
medium  of  fenfation,  though  fome  perfons  of  the 
higheft  rank  in  literature  and  philofbphy  ftill  con- 
tend, againft  Mr.  Locke,  in  favour  of  the  ex  ftcncc 
of  certain  iqnate  and  inftindlive  principles  ;  but  if 
I  was  difpofed  to  enter  into  the  di(pute,  this  woul4 
not  be  the  proper  place. 

The  fenfes  ^re  five  in  number:  touch,  tafte, 
fmelling,  hearing,  and  fight.  Of  thefc  I  (hall  en- 
deavour briefly  to  treat  in  their  order.  I  have  in 
general  confidercd  it  as  mor?  conducive  to  perfpi- 
cuity  to  fcparate  the  anatomical  dcfcription  of  the 
organs  from  the  fiinftions  to  which  they  are  fubfcr- 
vient ;  but  as  the  organs  of  feniacion  ai  e  fmall,  and 
at  the  fame  time  not  much  conneftcd  with  the  great 
outlines  in  the  ilrudure  of  the  body;  and  as  the 

•  The  contemptible  vanity  of  Cxrar,  in  pretending  to  perfonn 
feveral  mental  operations  at  once,  proceeded  from  a  real 
ignorance  o^  the  human  mind.  The  reply  of  the  juftly  cele- 
brated penfkmary  De  Witt  was  much  more  judicious,  and 
ought  to  be  impreHcd  on  the  mind  of  all  young  perfons.  Od 
being  afked  how  he  contrived  to  tranfadi  iuch  a  multiplicity  of 
bufmefs  in  the  coarfe  of  a  day  without  negled  or  diforder,  he 
anfwered»  **  I  make  it  a  rule  always  to  attend  to  one  obic^ 
*t  a  time.** 

oigan$ 
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.  organs  of  fbme  of  the  fenfes,  particularly  that  of 
hearings  are  complex^  and  very  difficult  to  be  re-* 
tained  in  the  niind,  I  have,  in  this  inftance,  thought 
it  neceflary  to  depart  from  the  former  arrange* 
xnent. 


Dd4  Chaf. 
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Chap.    XXXVII. 

TOUCH,  AND  ITS  ORGANS. 

7'he  m»ft  extenfi^e  of  the  Serif es. '^Organs  of  Touch.''-^lK  *zx^h^ 
Manner  it  enables  us  to  judge  of  the  ^alities  of  Bodies  ^^^^Tcmx^ 
Man  couched  by  Chefelden^-r^Kemarks  on  bis  Cafe, 

IN  order  to  proteft  the  body  from  injury,  almoft 
every  part  of  it  is  fo  formed  as  to  give  warn- 
ing to  the  mind  when  any  thing  injurious  aflails  it. 
The  whole  body  may  therefore,  in  the  moft  extcn- 
five  fenfe  of  the  word,  be  deemed  an  organ  of  touch. 
The  internal  parts  of  the  body,  however,  though 
they  are  capable  of  feeling,  yet  convey  no  other 
idea  but  that  of  pain,  and  give  us  no  information 
with  refpeft  to  the  nature  of  what  is  applied  to 
them.     The  whole  furface  of  the  body  is  endued 
with  a  much  more  extenfive  power,  and  informs  us 
of  feveral  qualities  of  matter  j   but  the  lips,  the 
tongue,  and,  above  all,  the  fingers,  afford^  us  the 
moft  accurate  information  of  thofe  qualities  of  bo- 
dies which  are  the  objefts  of  this  fenfe. 

When  the  epidermis  is  removed  from  the  true 
Ikin,  we  obferve  fmall  obtufe  papillae,  which  fcem 
to  be  the  parts  which  more  particularly  receive  the 
imprefljons  of  external  objciSts.  Thefe  papillae 
arc  fomewhat  more  remarkable  in  the  Ikin  at  the 
jcnds  of  the  dingers,  and  here  we  may  perceive,  that 
they  have  nerves,  though  from  the  extreme  minutc- 
nefs  of  them  they  are  hardly  obfcrvable.  We  judge 
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of  heal  a^nd  cold  from  the  obpSt  bei^ft  fe^ttw  or 
colder  thajiour  fingers  *i^  of  the  weight  of  a  badyi 
froqi  its.  degree  of  preflure  compare^  virif;h:  K/ibulki 
^f  its  n^oifture,  by  its  ipjoldiiefi,  of;  tbcpief^nc^  of 
w^tsr  y  of  its  foftnefs^  ^  ijts  yielding.}  gf  its^  j^ardftpff^ 

by  the  yiddiog.oftb^  .^^g^^'*.  ^^-^  ^^^.t^Ms  *Pr 
plying  our  hands  to  its  different  parts  ;  of  diftance, 
by  comparifon  with  what  we  know  to  be  the  lengtli 
of  the  finger,  hand,  or  arm.  All  our  conclufions, 
however,  are  fo  regulated  by  previous  experience, 
and  we  fo  feldom  truft  to  the  evidence  of  touch 
without  alfo  calling  in  the  afliftance  of  vifion,  that 
wich(nit  the  latter  fenfc  the  conclufions  drawn  from 
the  other  would  be  very  limited  and  iniperfeft. 
Touch  is  the  fenfe  by  which  we  acquire  a  know- 
ledge of  the  diftance  of  objefts,  which,  independent 
of  experience,  obtained  by  means  of  this  fenfe,  is 
not  to  be  difcovered  by  vifion.  This  circumftancc. 
was  beautifully  illuftrated  in  the  caft  of  a  young 
man,  as  ftated  in  Chefelden's  anatomy.  This  young 
man,  born  blind,  and  being  fuddenly  enabled  to  fee, 
in  confeqiience  of  a  furgical  operation,  imagined 
that  every  thing  he  faw  touched  his  eyes,  and  it 
was  only  by  repeated  triaKof  the  diftance  of  objefe, 
by  means  of  touch,  that  he  was  taught  to  corredk 
his  error. 

From  this  fiifl,  however,  it  is  not  perfedly  evU 
dent,  that  an  infant,  born  with  all  its  fcnfcs  perfeft, 
would  naturally  conclude  that  the  objefts  of  vifion 
puched  its  eyes.    Might  not  the  young  man,  fi-om 

*  The  tongue  is  a  more  nice  ted  of  the  warmth  of  a  Body 
than  the  fingers^  for  we  can  feel  a  warmth  at  the  larger  end  of 
an  egg  vyith  the  tongue,  which  is  oot  perceptible  by  the  fingers. 
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being  fb  accuftomed  to  judge  of  objefts  by  dieir 
fedy  or  by  applying  them  to  his  tongue  or  nofe^ 
have  acquired  the  idea^  that  nothing  could  be 
perceived  which  was  not  in  conta^  with  the 
body?  and  dius  the  conclufion  which  he  drew 
might  really  depend  on  the  aflbciadon  of  ideas. 


Cb^f. 
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Chap-    XXXVIII. 
taste;  and  its  organs. 

^i  Tongue  the  Organ  of  Tafte^^^^De/cription  of  it.-^HvtpfupplUi 
tvith  Ntrves^T'Mu/cUs  of  ihe  Tongue.^^How  T^fitng  is  por^ 
formid, 

TH  E  tongue  has  been  already  cafually  men* 
tioned  as  in  fome  rcfpfcds  a  verjr  accurate 
organ  of  touch  \  but  the  fenfe  po  nrhich  it  is  more 
parricuiarly  fublVrvicnt  is  that  of  tafte.     The  palate 
is  commonly  confidered  as  the  organ  of  tafte;  but- 
this  is  a  vulgar  error,  for  unlefs  the  fubft^nce  apr 
plied  to  the  palate  has  fome  degree  of  acrimony, 
no   fenfation  whatever  is  the  confequence.     The 
tongue,  and  njore  particularly  at  the  point,.and  the 
fupcrior  and  the  lateral  parts  of  it,  is  the  true  or- 
gan of  tafte.     The  flcin,  with  which  the  tongue  is 
covcredj  is  remarkably  foft  and  thin,  and  is  conti^ 
nyally  preferved   nnoift  and  warm.     On  the  fur-' 
face  of  this  fkin  papillae,  much  larger  than  in  any 
other  part  of  the  body,  and  of/everal  forts,  are  ob» 
fcrvable.     The  firft  kind  are  few  in  number,  and 
a^e  placed  ap  the  back  part  of  the  tongue.     Thefe 
are  furrounded  with  a  finall  furrow,  and  their  form 
\%  almoft  th«  of  an  inverted  cone.     They  ar^oQC 
of  a  very  delicate  ftru^ur^,  nor  ve  they  much  con-' 
(;erned  in  tailing.     The  fecond  kind,  which  are 
fmaller  and  fofter  than  the  preceding,  and  into 
tyhich  the  firft  gradually  degenerate,  have  ibme- 

what 
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What  of  the  form  of  a  muffiroom  ;  they  are  fes- 
tered on  the  fuperior  furface  of  the  tongue,  till,  be- 
coming more  numerous  towards  ks  fides,  they  ait 
there  diftributed  in  diverging  lines.  The  third 
kind  are  oC  a  conical  form,  are  mixed  with  ds 
other  kinds,  and  are  very  generally  diftributed  over 
the  whole  fuperior  part  and  fides  of  the  tongut. 
They  are  endued  with  a  very  acute  power  of  ica- 
fation,  and  are  die  true  organs  of  tafte,  Thck 
conical  papillae  differ  gready  in  their  fize ;  aiKi 
feme  ofl'thcm  are  extremely  minute.  On  an  ac- 
curate aamination  we  alfo  find  fome  filiform  p»- 
pilto  placed  inthe'interftices  of  the  conical. 

trhcfepapilke*,  befid'cs  being  copioufly  fiippEed 
ititli  blbodv  flfe  aifo  farniihed  with  nerves,  of 
which  the  tohgiie  receives  more,  in  proportion  to 
ip^hwiky  thaa  perhaps^  any  other  part  of  the  body. 
Thd  exhaiing  arteries^,  which  apc  numeroufly  ddP 
tidbuied  on  the  furfece  of  the  tongue,  have  no  for- 
thcjr  concern  in  the  fenfe  of  tafting,  than  as  they 
httlp;  CO  moillen  and  keep  the  papilkc  in  a  fit  ftate 
to  perform  their  dfiice.  On  the  upper,  and  towards 
the  back  part  of  the  tongue,  are  two  or  three  open- 
ing5>'whicb  pour  out  a  mucans  fluid.  The  papiBae 
in  man  are  covered  with  a  thin  and  lemipelludd 
iftembrane,  which  anfwers  die;  purpofe  of  an  epider- 
itiis.  In  many  animals,  as  tho&  ^ich  feed  on  grafs, 
the  tongue  is  covered  with  a  very  rough  and  chide 
n^emhrane,  perforated  fo  as  to  admit  the  diflblvcd 
food  to  the  papilkcv  which  arc  placed  beneath  it, 

Undei:  the  papiliaria  plac^  the  mufcular  fub* 
ilanCe  pf  th^  tongua  The  mufcles,  which  oonfti- 
uite  this:  ful:)ifl:ancc>  are  fb  numei^ou^,  and  are  fb  coo^ 

fouiidcd 
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founded  with  each  other  and  with  the  &t,  that  the 
moft:  diligent  anatomift  is  unable  to  trace  the  courfc 
of  many  of  thern.  By  the  help  of  thcfe  mufcles 
the  tongue  is  moveable  in  all  direftions,  and  may 
b9  rendered  broad,  narrow,  or  hollow,  at  pleafure* 
The  tongue  is  very  plentifully  fupplied  with  blood- 
vefTels. 

A  circumftance  univerfally  neceflary  to  a  body 
being  taft^d  is,  that  it  Ihould  be  dilTolved  in  the 
faliva,  and  in  that  ftate  applied  to  the  papillasl 


Chap* 
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Smelling,  and  its  organs. 

FimMlcaufi  •/  thit  Sinjk.'—Lefi  acute  in  Mob  thorn  iu  fomu  mhe 
JuivUJs.^^Different  alfr/Hm  theirs. ^^DeJcrsftioM  •f  the  Orgas 
tf  Seeut.*^^omfatifi»  heinmem  tbit  Sen/e  ami  that  ofT^^, 

AS  One  prindpal  ufe  of  the  organs  of  ftneUing 
is  to  aflift  animals  in  obtaining  proper  food, 
and  to  guard  them  againft  what  is  improper^  the; 
arc  univcrfally  placed  near  the  mouth.     The  or- 
gans of  fmell  difier>  like  thofe  of  the  other  (cnfe% 
according  to  the  deftinadon  of  the  animals  to  whidi 
they  belong.    This  fcnfe  in  man  is  &r  lefs  acutt 
than  diat  of  many  other  animals  i  thus,  the  dog 
poflefles  a  power  of  fmcUingi  of  which  we  can 
fcarcely  form  a  concepdon,  and  which  we  happily 
do  not  poflefs*     Birds  of  prey,  however,  are  laid  to 
have  the  fenfe  of  fmelling  iliU  more  acute  than  dogs« 
The  fenfe  of  fmelling  in  tnan  is  fuch  as  to  fit  him 
for  deriving  enjoyment  from  a  diverfity  of  fccnts, 
particularly  thofe   of  flowers,  to  which  dogs  and 
other  animals^  which  do  not  feed  on  heibs,  leein 
quite  infenfible. 

The  organ  of  fmell  is  a  foft,  vafculaf^  porous 
niembrane,  furnifhed  with  papillae,  which  b  ipresd 
on  the  internal  furface  of  the  noltrils.  On  thb 
membrane  are  diftributcd  a  great  number  of  nervous 
fibres,  which  proceed  chiefly  fi-6m  the  fifft  pair  of 
nerves,  and  which  pais  through  the  ethmoid  booe. 

From 
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From  the  extreme  tenuity  of  the  epidermis,  which 
involves  the  nerves  and  blood-veflels  in  this  mem* 
brane,  hemorrhage  from  the  nofe  is  more  freiquenC 
than  from  any  other  part  oF'the  body. 

In  order  to  render  this  fcnfe  more  acute,  the  in- 
ternal cavity  of  the  nofe  is  varioufly  contorted,  and 
enlarged  by  a  communication  with  fevcral  adjoin- 
ing cavities,  fo  as  to  increafe  very  much  the  furfacc 
on  which  the  fenticnt  membrane  is  diftributed.  The 
cavities  with  which  the  noftril  communicates  arc 
Called  finufes ;  thefe  are  the  frontal,  which  is  feated 
in  the  frontal  bone  under  the  eye-brows;  the  eth- 
moid, which  is  a  ipongy  cavity  in  the  ethmoid 
bone }  and  the  maxillary,  which  is  chiefly  formed  in 
the  maxillary  bone,  and  lies  immediately  above  the 
double  teeth  of  the  upper  jaw.  In  animals,  which 
fmell  more  acutely,  thefe  provifions  for  enlarging 
the  internal  furfacc  of  the  noftril  are  ftill  more  re- 
markable. 

The  membrane. of  the  n^fe  is  defended  and  moif- 
tencd  by  a  vifcid  mucus  5  and  fo  neceflary  is  this  to 
fmclling,  that  when  it  is  deficient,  this  fenfe  is  always 
imperfedt.  The  noftrils  are  flirniflied  with  mufcles, 
by  which  they  are  dilated,  when,  in  order  to  diftin- 
guifli  fcents  more  accurately,  we  draw  in  a  large 
quantity  of  air.  A  confiderable  difference  between 
fmclling  and  tafting  is,  that  the  former  is  only  adled 
on  by  the  invifible  effluvia  of  bodies  which  float  in 
the  air,  the  latter,  by  matter  more  condenfed  and 
vifible.  There  leems,  however,  to  be  a  greater 
fimilitude  between  tafting  and  fmelling  than  between 
any  two  of  the  other  fcnfes  j  and  when  either  of 
^hcm  is  injured  the  other  commonly  fuffcrs  with  it. 

C  H  A^. 
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Chap.    XL. 

HEARING,  AND  ITS  ORGANS. 

be/cription  of  the  Ear.^^Admirahlt  Siru^ure  bf  ibis  Orgmmfr 
€09tueying  knd  echoing  Sound, -^Manmr  im  <which  ibt  Prn^  d 
Air  are  conveyed  to  the  Ear.^^CmnmttincuHoiL  by  the  Eufiachfm 
Tuhc^^Reafon  ivhy  Per/ons  ivhd  Ujien  attentivefy  cfem  them 
Mou/hs.'^The  Memhrana  Tympani  frobahlj  the  grtAt  In/irame^ 
of  hearing. 

AS  by  the  fenfe  of  fmcDing  we  diftinguift 
certain  particles  floating  in  the  air,  fo  bj 
that  of  hearing  we  difcover  the  motions  and  ti- 
brations  of  the  air  itfclf.  The  parts  of  the  car 
are  diftinguiftrcd  into  external  and  intemaL  The 
forn:fer  of  thefc  divifions  comprehends  all  thofc 
parts  which  we  are  able  to  obfervc  without  dif- 
fcftion,  and  which  are  fcparated  from  thofc  of  die 
internal  ear  by  the  membrana  tympani,  improperly 
called  the  drum  of  the  ear,  as  it  is  only  a  mem- 
brane ftrctched  before  the  entrance  of  the  cavity 
which  is  properly  the  car.  The  external  car,  which 
from  its  refemblancc  to  a  certain  fea-fhell  is  caDcd 
concbay  is  a  cartilaginous  funnel  of  an  irregular  oval 
form,  moveably  connected  to  the  head  by  liga- 
ments, mufclcs,  and  cellular  llibftance.  The  mcT- 
cles  with  which  the  ear  is  furnilhcd,  and  which  ait 
much  employed  by  quadrupeds,  are  of  little  or  no 
life  to  man. 

Different  parts  of  the  exfernal  ear  arc  known 
by  different  names  i  its  upper  cartilaginous  part  b 

caikd 
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called  the  Ula  or  wing^to  diftinguifhic  from  thefofc 
and  pendent  part  below,  called  the  lobe;  its  outer 
border  or  circle  is  called  the  belix,   and  the  ferni- 
circle   within  .•this,  the   antibelix.     The   moveable 
cartilage,  placed  immediately  before  the  opening  of 
the  car,  is  named  the  trngusy  and  an  eminence  op- 
pofite  to  this,  at  the  extremity  of  die  antibeiix,  is 
called  the  antitragus.     The  concha,  becoming  nar- 
rower, terminates  in  the  meatus  auditorius  extemusi 
the  external  auditory  canal.     Into  this  are  conti- 
nued the  cutis  and  epidermis,  which,  as  they  enter 
it,  become  much  thinner  and  more  fenfible,  and  are 
furnifhed  with  minute  hairs^  by  which  warning  is 
given  when  any  infe£t  has  found  admittance,  ot 
when  any  injurious  fubftance  requires  to  be  re- 
moved.    This  paffkge,  and  the  mcmbrana  tym- 
pani,  by  which  it  is  terminated,  arc  moiftened  by  a 
vifcid  fecretion  called  the  wax,  which  by  ftagnarion 
becomes  hard,  and,  when  negle&ed,  fomctimcs  ac-^ 
cumulates  to  fuch  a  degree  as  to  occafion  deafnefs. 
If  we  were  to  exainine  ail  nature  for  a  contrivance 
proper  for  augmenting  and  echoing  founds  with  the 
utmoft  force  and   the  greateft  exaftncfs,  we  Ihould 
jfind  the  ear  beft  formed  for  thcfc  purpofcs ;  by 
its  admirable   ftrudure   it  receives  fouiids  of  all 
kinds.,  admits  the  greateft  quantity  in  the  fmalleil 
fpace,  and  echoes  each  back  without  confufion. 

The  external  ear  in  different  quadrupeds  is  dif- 
ferendy  framed,  but  always  adapted  to  the  crea* 
ture's  manner  of  life.  In  fliape  it  commonly  refcm- 
bles  the  oblique  fedion  of  a  cone  from  near  the  apex 
to  the  bafis.  Hares,  and  fuch  other  animals  as  are 
daily  expofed  to  injuries  fiom  beafts  of  prey^have  large 
i   Vol*  II  L  £  e  cars 


n 


418  Ears  cf  Afferent  Ammals.      [Book  IX. 

cars  dlrcfted  backwards,  their  eye  warning  them  of 
any  danger  before  ;  rapacious  animals,  on  the  odicr 
hand,  have  their  ears  placed  dircdly  forwardsj  at 
we  fee  in  the  lion,  cat,  &c.     The  flow  hounds, 
and  other  animals  that  are  deligned  to  hear  moft 
diftinftly  the  (bunds  coming  from  below,  have  thcif 
cars  hanging  downwards,  or  their  ears  are  fiexibl^ 
becaufe  they  move  their  head  for  the  nnoft  part 
with  greater  difficulty  than  man.    Man  again,  who 
muft  equally  hear  (bunds  coming  from  all  quar- 
ters, but  e(pecially  fuch  as  are  (ent  from  abtfut  his 
own  height,  has  his  externa)  ear  placed  in  a  verdcat 
manner,    fomewhat    turned    forward.     In    fhoil^ 
wherever  we  (ee  a  peculiarity  in  the  make  of  this  or- 
gan in  afty  creature,  we  (hall,  with  very  Ktdc  re- 
fledion,  difcover  this  form  to  be  more  convenient 
for  that  creature  than  another.     The  animal  aUb 
has  the  power  of  dirediing  the  cone  of  the  ear  to 
the  fonorous  body  without  moving  the  head  *• 

The  membrana  tympani  is  a  membrane  con- 
lifting  of  (cveral  laminae.  Externally  there  is  the 
epidermis,  under  this  the  vafcular  cutis,  and,  lafliy, 
a  dry,  elaftic,  (hining>  and  pellucid  fub(bance. 
Thefe  laminae  are  connected  by  their  cellular  fub- 
(tance.  The  membrana  tympani  is  never  naturally 
perforated,  and  the  pafllage  of  fmokc  from  the 
mouth  through  the  external  ear,  mentioned  by  fomQ 
authors  f,  is  fabulous,  except,  perhaps,  in  fboic 
cafes,  where  a  perforation  had  been  accidental^f 
made  by  violence  or  di(eafe.  By  the  adion  of 
particular  mufcles,  the  membrana  tympani  is  pre- 

*  Monro  on  Comparative  Anatomjr. 
t  By  Dr.  Gold&udi  in  partknlar. 
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Icrvcd  in  a  d^rce  of  tendon  fit  for  receiving  the 
impreflions  of  the  air.  Under  it  runs  a  branch 
of  the  fifth  pair  of  nerves^  called  the  chorda 
tympani. 

iThe  membrana  tympani  is  ftretched  before  a 
Youndilh  cavity  of  the  os  petrofCirti,  hence  called 
the  tympanum  or  drum>  and  which  is  about  feven  , 
or  eight  lines  wide>  and  half  as  many  in  depdi. 
This  cavity  is  increafed  in  the  adult  by  a  com* 
munication  with  the  cells  of  the  maftoid  procefi^ 
which  do  not  exift  in  the  foetus.  Within,  the 
tympanum  is  lined  by  a  moift  and  vafcular  mem- 
brane. The  tympanum  communicates  with  the 
cavity  of  the  fauces,  by  means  of  the  meatus  audi- 
torius  intemusi  or  Euftachian  tube.  *  ^This  canal^  * 
which  is  partly  bony  and  partly  cartilaginous,  be* 
gins  by  a  very  narrow  opening  at  the  anterior  and 
almoft  fuperior  part  of  the  tympanum,  increafing 
in  'fize  as  it  advances  towards  the  cavity  of  the 
fauces,  where  it  terminates  by  an  oval  opening  be- 
hind the  noftrils. 

Within  the  tympanum  arc  lodged  the  little 
bones  of  the  ear,  which  are  four  in  number,  and 
from  their  form  have  received  the  following  names* 
I,  The  malleus  or  hammer,  a.  The ^ incus  or 
anvil.  3.  The  roundifh  or  oval  bone.  4.  The 
ftatpes  or  ftirrup. 

The  body  of  the  malleus  is  placed  in  the  uppei* 
part  of  the  tympanum,  and  a  long  procefs^  called 
the  handle,  defcends  between  the  laminae  of  the 
membrana  tympani,  where  it  is  accurately  fixed* 
It  is  ardcula^  widii  the  incus  by  means  of  two 
projcdthg  ridges  and  a  furrow  between  thism. 
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The  incus,  which  confifts  of  a  body  and  two  kgs, 
and  is  not  unlike  a  tooth  with  a  double  rootj  exceeds 
the  other  little  bones  of  the  ear  in  fize  and  ftrengtfa. 
Its  body  is  conne6ted  with  the  malleus ;  its  ihortcr 
kg  is  placed  at  the  entrance  of  the  caaal^  which 
leads  to  the  cells  of  the  maftoid  procefs ;  its  longer 
leg  takes  the  fame  direftion  with  the  handle  of 
.  the  malleus,  to  which  it  is  attached  by  a  ligament, 
and  being  bent  inwards  at  its  termination,  receives 
the  fmall  oval  bone,  and  by  means  of  this  is  unitod 
to  the  ftapes. 

The  rcfemblance  of  the  ftapes  to  a  ftirrup  is  £> 
ftrong,  that  it  can  fcarcely  efcape  obfervation.  Its 
head,  which  is  fprmcd  by  the  union  of  its  two  legs, 
is  hollowed  for  the  reception  of  the  tittle  oval  booe 
which  connects  it  with  the  longer  leg  of  the  incus* 
The  two  legs  of  the  ftapes  are  bent  nearly  into  a 
circle,  and  where  they  unite  at  the  bafis,  cover  the 
feneftra  ovalis.  The  ftapes  is  fituated  in  a  part  of 
the  tympanum,  fcparated  from  the  other  parts  by  a 
particular  membrane. 

The  ftapes  and  malleus  are  each  of  therr.  flimifhed 
with  a  little  mufcle,  called,  from  the  bones  to  whidi 
they  belong,  ftapcdius  and  tenfor  tympani.  The 
firft  of  thefe,  which'  is  the  fmalleft  diftindt  mufclc 
in  the  body,  arifcs  from  a  little  caviry  at  the  pof- 
terior  and  upper  part  of  the  cavity  of  the  tympa- 
num, and  its  tendon  is  inferted  at  the  back  part  of 
the  head  of  the  ftapes.  This  mufcle,  which  draws 
the  ftapes  obliquely  upwards,  affifts  in  ftretching  die 
membrana  tympani.  The  other  mufcle  is  more 
remarkable,  and  as  it  operates  like  the  former  ia 
ftretching  the  membrana  tympani^  h^s  more  paiti- 

cularly 
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cularly  obtained  the  name  of  tenfor  tympani.  It 
arifes  from  the  cartilaginous  extremity  of  the 
£u{tachian  tube,  and  is  inferted  into  the  back  part 
of  the  handle  of  the  malleus,  which  it  helps  to  pull 
inwards^  and  by  that  means  to  ilretch  the  membrana 
tympani. 

That  part  of  the  ear  which  is  fituatcd  behind  the 
tympanum  is  called  the  labyrinth,  The  labyrinth 
is  feparated  from  the  tympanum  by  a  bony  partition, 
ahd  only  communicates  with  it  by  means  of  two 
openings  of  nearly  equal  iize,  one  of  which  is  the 
feneftra  dvalis,  which  is  (hut  by  the  bafis  of  the 
ftapes,  the  other  the  feneftfa  rotunda^  which  is 
cloied  by  a  continuation  of  the  membranis  which 
lines  the  cavity  of  the  cympajium. 

In  the  labyrinth  of  the  car  ape  fijnJited  die  vef- 
tibule,  the  three  femi-circular  c^nals^  and  the 
cochlea. 

The  veftibule  or  porch  is  a  cavity  of  an  irregu- 
lar roundifli  form,  and  is  placed  nearly  in  the  center 
of  the  OS  pctrofum,  between  the  tympanum,  the 
femicircular  canals,  and  the  cochlea.  It  is  open  oa 
the  fide  of  the  tympanum  by  me;ans  of  the  fencflra 
ovalis,  ^nd  communicates  with  the  upper  portion  of 
fhe  cochlea  by  an  oblong  foramen,  which  is  under 
the  feneftra  ovalis,  from  which  it  is  feparated  only 
by  a  very  thin  partition. 

The  femicircular  canals  in  the  infant  are  formed 
of  a  4ifl^in<9:  bony  (hell,  but  in  the  ad^lt  coalefce 
with  the  firm  os  petrofum,  and  are  throe  in  number. 
They  form  rather  more  than  femicircles,  and  opea ' 
9t  both  ends  y>{:o  the  veftibule.    Oaly  f^ye  open* 
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ings,  however,  arc  obfcrvcd,  fincc  t«roof  thecapals 
are  united  at  one  termination.      ' 

The  cochlea,  fo  called  from  its  reiecnblance  8> 
the  fhell  of  a  fnail,  is  formed  by  a  conical  nuckui 
and  circumvolutions  of  thin  bony  lamellas,  whidi 
perform  two  complete  circles  and  %n  half  before 
they  terminate  at  the  apei^.  The  canal  of  the 
cochlea  is  divided  by  a  feptum  into  two  parts, 
which  are  called  the  fcalab;  of  thefe  onic  Ixgins  fiom 
the  fenedra  rotunda,  and  is  called  the  icala  tympaw, 
^he  other  from  the  veftibule,  and  is  called  the  fcala 
veftibuli.  The  feptum,  which  divides  the  icals 
from  each  other,  is  pardy  bony  and  partly  mem- 
branous s  it  is  deficient  at  the  apex  of  the  cochlea, 
where  the  cavities  of  the  fcal«  communicate.  The 
bony  lamella  which  feparates  the  two  canals  is  ex- 
ceedingly thiH)  and  ^lls  about  two-thirds  of  the 
diameter  of  the  canal.  The  reft  of  the  feptum  is 
compofed  of  a  moft  delicate  membrane,  which  lines 
the  whole  internal  furftce  of  the  cochlea.  The 
portio  mollis  of  the  feventh  pair  of  nerves  fumifiies 
a  film  of  medullary  matter  to  the  whok  internal 
furface  of  the  veftibule,  the  femicirculat  canals, 
and  the  cochlea.  Every  part  of  the  labyrinth  isaUb 
fupplied  with  an  aqueous  exudation,  which  is  fiip- 
pofed  to  receive  and  propagate  to  the  nerves  the 
vibratory  motions  imparted  by  the  air.  When 
this  fluid  is  coUeAed  in  too  great  quantity,  or  is 
comprefled  by  the  ftapes,  it  is  fuppofed  to  eicape 
through  two  minute  canals  or  aqueduds^  lately 
dcfcribed  by  Dr.  Cotunni,  a  phyfician  of  Naples. 
One  of  the  aquedufts  opens  into  the  bottom  of  the 
yeftibulum,  and  the  other  into  the  cochlea,  near  the 
I  iNcftr* 


ieneftra  rotunda.  They  both  pafs  through  the  os 
petroium,  and  communicate  with  the  cranium; 
they  are  lined  with  a  membrane,  which  is  fuppofed 
to  be  a  produ&ion  of  the  dura^mater. 

The  manner  in  which  found  is  propagated  by 
pulfes  or  undulations  of  the  air  has  been  ftilly,  and, 
I  truft,  clearly  explained  in  a  preceding  part  of  this 
work ^i  and  from  what  has  been  now  ftated  it  will 
appear,  that  the  ear  is  an  organ  admirably  adapted 
for  the  receprion  of  thefc  impreffions.  Sound  is,, 
however,  not  merely  conveyed  by  the  external  ca- 
vity of  the  ear ;  but  by  means  of  the  Euftachian 
tube,  the  air  finds  admittance  to  the  cavity  of  the 
tympanum,  and  the  effc^  of  the  vibrating  air,  en- 
tering the  mouth,  may  be  conveyed  to  the  ean 
Hence  we  perceive  the  reafon  why^perfons  who 
liften  very  attentively,  and  perfons  afieded  with  par« 
tial  deafnefs,  open  their  mouths.  When  we  breathe, 
the  air  received  by  this  paflage  preffes  the  mem- 
brana  tympani  outwards,  and  when  we  make  a 
very  fiill  infpiration,  as  in  yawning,  this  happens  to 
fuch  a  degree  as  to  prevent  the  impreffion  of  founds 
from  without,  and  occafions  a  temporary  deafiieis. 

Notwithftanding  the  labour  of  anatomifts  in 
tracing  the  intricate,  lingular,  and  very  curious 
ftrudlure  of  the  ear,  they  have  never  been  able  to 
difcover  the  peculiar  ufes  to  which  all  the  feveral 
parts  are  fubfervient.  That  the  concha  is  deiigned 
to  catch  and  reverberate  to  the  auditory  tube^he 
vibrations  of  the  air  we  are  certain,  from  the  ana- 
logous effeft  of  a  fimilar  organ,  the  ear-trumpet« 
The  membrana  tympani,  and  the  little  bones  of  the 

*  See  book  v.  chap.  lo. 
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car,  are  faid  to  have  been  dcftroyed  by    difcafe, 
without  depriving  the  patient  of  hearing.    I  caoxxXi 
however,  fuppofe,  that  any  part  of  the  car  is  unnc- 
ceflary.     It  therefore  feems  reafonablc  to  believe, 
that  the  membrana  tynnpani,   which  b   ftrctchcd 
acrofs  the  paflage  to  which  the  vibrations  of  the  air 
are  dircfted,  is  defigned  to  receive  them,  for  wfaicfa 
ufe,  by  its  elaftie  nature,  it  is  admirably  fitted.      Xfcc 
malleus  is  attached  to  the  membrana  tympani,  the 
incus  to  the  malleus  ;  the  oval  bone  conneAs  ooe 
kg  of  the  incus  to  the  head  of  the  (lapes,  and  the 
bafis  of  the  latter  bone  prefles  on  the  feneftra  ovalis. 
From  this  ftruAure  we  can  fcarcely  draw  any  other 
conclufion,  than  that  the  tremulous  motion  excited 
in  the  membrana  tympani  by  the  impreflions  of  the 
air  are  propagated  through  the  contents  of   the 
tympanum,  and  imparted  to  thole  of  the   laby- 
rinth, which  are  lined  with  a  delicate  nervous  film, 
on  which  they  may  operate  fo  as  to  produce  the 
ideas  of  found.     When,  however,  we  contemplate 
the  various  parts  of  the  labyrinth,  we  cannot  alS^ 
any  reafon  for  fo  complex  a  ftru&ure,  and  can  only 
admire  it  as  one  of  the  wonders  of  creation.     The 
analogy  of  other  animals,  indeed,  inftruds  us  in  one 
particular,  viz.  that  the  cochlea  is  not  eflcndal  to 
hearing,  fince  birds  and  fi(h  hear  accurately  without 
this  part ;  but  why  it  is  not  effential  remains  ftiU  a 
queflion. 

To  confefs,  however,  that  we  are  ignorant  of  the 
means  by  which  we  perceive  founds,  is  not  more 
bumble  than  we  muft  alfo  be  with  relpeft  to  the 
ipfpripation  derived  from  the  other  fenies.  Why  a 
|particular  objeft  aficdbs  our  fenfes  in  a  pardcular 

manlier. 
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manner,  is  concealed  from  us  by  circumftanccf 
^hich  our  underftandings  cannot  difcover.  As 
objedts  appear  green  when  feen  through  a  green 
glais,  fo  is  every  objed  modified  by  the  medium  of 
the  ienfes. 

It  is  natural,  however,  to  the  human  mind,  to  be 
defirous  of  perceiving  things  as  they  really  are,  and 
this  may  be  an  enjoyment  provided  for  us  in  a  future 
ftate,  when  we  may  regard  the  earth  merely  as  a 
planet,  and  the  fun  as  a  fixed  flar  1  and  when  the 
inind,  liberated  from  the  fetters  of  the  body,  and 
endued  witl)  new  faculties,  may  at  oncecontra£i;  its 
attention  to  the  laws  which  regulate  the  exiilence  of 
the  minuteil  animal,  and  extend  its  views  to  the 
eomprehenfion  of  all  the  vaft  bodies  which  conftitute 
(he  folar  fyftem* 
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SIGHT. 

Di/mftiom  of  ihi  Byi.^-^EyiS  of  different  Animals. ^^Hvw  Fifim 
is  ferfernud^^^Hew  all  the  Parts  rf  an  OhjtS  are  cemfrehended 
by  the  Eje.^^An  Image  of  every  OhjeS  painted  on  the  Retima  rf 
each  Eye,  and  yet  only  one  ObjeS  perceived,"-^ aufe  and  Cure  rf 
fqulnting,'^7 be  Senje  rf  Sight  limited. — By  nLhai  Meant  *we 
judge  of  Diftanci — State  of  the  Sight  at  different  Jges.'^^aM- 
iioMsfor  prefer*uing  the  Sight. 

TH  E  €yes>  thofe  exquiiite  organs  which  railc 
the  perceptive  powers  of  the  mind  to  ibcnc 
comparifon  with  thofe  of  fuperior  beings,  and  which 
in  an  inftant  of  time  admit  impreflions  from  an  al* 
moft  infinite  variety  of  obje£ts,  are  in  their  ftrudure 
extremely  fimple.  They  are  fituated  in  thole  two 
cavities^  the  orbits^  which  afford  them  protc&ion 
from  a  great  variety  of  external  injuries,  and 
contain  a  quantity  of  fat,  which  aniwers  the  pur- 
pofe  of  a  foft  cufhion,  on  which  they  may  reft, 
and  perform  their  different  motions  with  eafe  and 
fafety.  The  globe  of  the  eye  is  immediately  co- 
vered by  the  eyelids,  which  are  continuations  of  the 
common  integuments  of  the  body,  doubled  inwards, 
and  attached  to  the  eye,  by  which  they  produce 
what  is  called  the  tunica  conjundiva.  Where  the 
two  eyelids  are  united  together,  they  form  the  canthi, 
or  angles  of  the  eyes ;  that  next  the  nofe  is  called 
the  internal  large  or  inferior  angle  ^  the  other,  on 
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the  contnury,  which  is  next  the  temples,  is  called 

the  external  fmall  or  fuperior  angle.    The  edges 

of  both  eyelids  are  furniflicd  with  rims  of  cartilage 

called  the  tarfi ;  on  the  margins  of  thefe^  which  are 

/called  ciliary  edges,  are  ficuated  febacious  glands, 

which  difqharge  an.  oily  fluid  for  the  purpofe  of  pre-» 

venting  adhefion.    The  ciliary  edges  of  the  tarfl 

arc  furfliflied  with  eye-Iafhcs.   The  chief  ufe  of  thciii 

fccnns  to  be,  to  prevent  duft,  4nd  other  matters 

floating  in  the  atmofphere,  from  falling  into  the 

eyes. 

At  the  internal  angle  of  the  eye  is  fitukted  the 
carunoila  lachrymalis,  which  is  a  fmall  reddiih  ob- 
long body.  This  fubftance  fccms  to  be  glandular. 
By  the  aid  of  a  microfcope  we  obferve  upon  it  a 
great  number  of  fmaU  hairs,  covered  by  an  oily 
yellowiih  matter.  On  the  globe  of  the  eye,  near 
this  glandular  body,  is  a  femilunar  fold  formed  by 
the  membrana  conjundiva.  This  fold,  which  is 
called  the  membrana  femilunaris,  is  Ihaped  like  a 
crefcent,  the  two  points  of  which  anfwer  to  the 
punfta  lachrymalia,  which  are  the  be^nnings  of  a 
canal  terminating  in  the  cavity  of  the  noftrils. 

The  furface  of  the  eye  is  conftandy  moiflened 
by  a  very  fine  limpid  fluid,  called  the  tears,  which  is 
chiefly,  and  perhaps  wholly,  derived  from  a  gland, 
fituatcd  in  a  fmall  depreffion  of  the  os  frontis,  near 
the  external  angle  of  the  eye.  Its  excretory  dufts 
pence  the  tunica  conjunftiva  jufl:  above  the  cartj- 
lagioous  borders  of  die  upper  eyelids.  As  this 
fluid  enters  the  eye  at  the  fuperior  angle,  it  naturally 
4cfcends  towards  the  inferior,  and  is  alfo  frequently 
^re^pvfr  the  furfecc  of  the  eye  by  the  motion  of 

the 
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the  eyelids.  When  it  arrives,  after  thus  having 
waihcd  the  eye,  at  the  internal  angle,  it  is  conduded 
by  the  membrana  femilunaris  into  the  punAa  lachry- 
malia,  which  lead  into  the  facchus  lachrymalis,  fit)m 
which  it  is  ultimately  difcharged  into  the  nofe* 

When  the  eye  is  irritated  by  any  extraneous  fub- 
ftancey-the  tears  are  difcharged  in  greater  quantity, 
and  thus  (erve  as  a  defence  to  this  tender  organ, 
i^nd  fotnetimes  waih  away  the  caufe  of  irritation,  or 
facilitate  its  removal.  AfFe(5bions  of  the  mind  alio 
fbmetimes  occafion  an  increafed  Bow  of  tears  \  the 
efficient  caufe  of  this  connexion  we  cannot  trace, 
but  the  final  caufe  feems  to  be  to  excite  fympathy, 
and  urge  the  unfeeling  heart  to  a£bs  of  mercy  and 
benevolence. 

The  ball  of  the  eye  is  a  cafe  of  a  globular  form. 
It  confiils  of  three  coats,  an  external  one  called 
the  fclerotica,  which  is  white  and  gliilening  like  the 
tendon  of  a  mufcle;  an  intermediate  one,  abound- 
ing with  blood-veffels,  called  the  choroidcs ;  and 
an  internal  coat,  called  the  retina,  which  is  an  ex- 
tremely tender  film  or  network,  formed  by  the 
expanfion  of  the  optic  nerve.  This  defcription, 
however,  applies  only  to  the  poflerior  and  lateral 
parts  of  the  eye,  for  at  the  fore  part  of  the  eye,  in- 
ftead  of  the  opake  tunica  fclerotica,  weobferve  apro* 
je Aing  traniparent  circular  part,  continue  from  the 
fclerotica,  which  from  its  fubftance  being  tranipa- 
rent like  horn,  is  called  the  cornea.  This  portion  is 
ibmewhat  more  convex  than  the  fclerotica,  and  rc- 
prefents  the  iegment  of  a  fmall  fphere  added  to  the 
legment  of  a  greater,  or,  to  exprefs  the  fame  idea 
in  more  familiar  language,  it  may  be  coniidered  as 

refembling 
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refembling  a  convex  watch-glafs,  fixed  on  the  lefi 
convex  fur&ce  of  a  watch  cafe. 

Xhe  tunica  choroides  extends  from  the  back  part 

of  the  eye  as  far  as  the  termination  of  the  fclero-* 

tica»  ivhere  it  is  firmly  connected  by  means  of  a 

white  ring  projeAing  inwards,  and  called  die  ciliary 

circle  or  ligament.    From  this  edge  proceeds  a  very 

fine  weblike  membrane  or  curtain,  called  the  iris. 

Its  difference  of  colour  in  difi^erent  perfons  is  a  mat--^ 

ter  of  common  obfervarion.     In  the  middle  of  the 

iris  is  an  opening  which  always  appears  black,  and 

wluch  b  rendered  narrower  or  wider  by  the  contrac* 

^    tile  powers  of  the  iris*     This  opening  is  called  the 

pupil,  through  which  the  rays  of  light  are  admitted 

to  the  internal  parts  of  the  eye. 

The  tunica  choroides  is  defcribed  by  ibme  authors 

as  confifting  of  two  laminas.     This  defcripdon, 

however,  applies  much  better  to  the  eyes  of  fome 

animals,  particularly  to  thofe  of  fheep,  than  to  thofe 

of  man.     Thofe  who  fuppofe  the  choroides  to  con- 

fift  of  two  laminae,  defcribe  the  external  one  as 

germinating  at  the  ciliary  ligament,  and  the  internal 

one  as  extending  further  to  form  the  iris.    The  iris 

itfelf  is  defcribed  as  confifting  of  two  laminse,  and  ic 

is  Very  certain  that  two  fets  of  fibres  may  be  ob- 

fcrved.     Thefe  are  fuppofed  to  be  mufcular,  and 

from  the  mobility  of  the  iris  there  leems  no  reafbn 

to  doubt  of  their  being  really  fb^     Some  of  the 

iibres  arc  orbicular,  and  lie  round  the  pupil ;  others 

are  ftrait,  and  extend  fiT>m  the  circumference  of  the 

iris  to  its  center.    The  iris  has  motions  of  fuch  a 

nature,  that  the  pupil  is  contrafted  on  the  approach 

of  a  flrpng  light,  and  is  dilated  in  proportion  as  the 

light 
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light  IS  Ms  vivid.     By  this  (admirable  yet  Sv7i| 
contrivance,  the  eye  adapts  itfdf  to  the  difl^r4 
proportions  of  light  to  which  it  is  expofed.      I£^m 
pupil  was  always  as  nouch  cohtraded  as  ic  is  ^v^JU 
expofed  to  the  light  of  noon  day,  a  weaker  Ir^fil 
fuch  as  that  of  the  moon,  could  not  be  adoiitted  %^id 
fufficienc  freedom  to  anfwer  any  ufcftil  purpofir.     oj 
the  contrary,  if  the  pupil  was  immovcably  diiarec^ 
we  might  take  advantage  of  the  fcattered  i-ays  or 
light,  but  Ihould  be  diftreffcd  and  blinded  by  tfcci 
glorious  cfRjlgence  of  the  fun.     When  a  ftrong-' 
light  fucceeds  to  darknefs,  we  are  under  a  neceflicy 
of  doling  the  eye-lids,  or  of  turning  away  the  head, 
till  the  pupil  has  been  accommodate^d  to  the  change 
by  the  contraftilc  powers  of  the  iris. 

The  choroid  coat  is  internally  covered  i»ith  a 
flimy  fubftance  of  a  dark  colour,  called  the  pigmen- 
tum  nigrum.     The  epithet  black,  however,  is  not 
defcriptiveof  this  fubftance  in  every  race  of  anioiak. 
On  the  conti*ary,  in  the^  ferret  the  pigmentum  is 
white^  and  this  circumftance  enables  diat  animal  to 
fee  in  the  dark,  a  faculty  well  adapted  to  its  habits 
and  mode  of  life.     In  man,  diftind  viGon  in  a  fuli 
light  is  a  naore  ufeful  quality  than  the  power  of  dif- 
tinguifhingobjetSb  where  the  light  of  day  is  excluded.^ 
The  reafon,  therefore,  of  the  black  colourof  the  pig- 
mentum is,  probably,  that  thofe  rays  which  pafs  the 
retina,  which  is  a  fibrous  lubftance,  may  be  abfqrbed, 
whereas,  when  it  is  of  a  light  cotour,  many  ofdicra 
are  reflefted  and  ftrike  the  retina,  thus  incrcafing 
the  pcrvver  of  vifion  where  there  is  a  deficiency  of 
light,  but  producing  too  great  ah  eflFulgencc  and 
glare  in  ordinary  cafes.    This  rcflcftion  ia  very  ob- 
vious 


IS  In  the  degree  of  illumination  which  proceeds 
h  the  eyes  of  a  cat  in  a  dark  place  *• 
The  poftcrior  part  of  the  iris  is  of  the  colour  of 
^pe,  and  was  therefore  by  the  ancients  called 
r  uvea.  The  eye  beiilg>  therefore,  every  where 
mded  within,  except  at  the  entrance  of  the  optic 
trCy  with  a  lining  of  a  dark  colour,  becomes  a 
mera  obfcura,  and  the  light  which  is  admitted 
rough  the  pupil,  and  pafTes  to  the  bottom  of  the 
re,  is  not  difturbed  with  light  refledted  from  other 
ufaces. 

The  ball  of  the  eye  is  filled  with  three  fobftances, 
rhich  differ  fix>m  each  other  in  confiftence,  but  are 
ill  called  humours  of  the  eye  j  they  are  the  vitreous, 
he  cryftalline,  and  the  aqueoos.  See  plate  xv. 
fig.  I,  and  a. 

The  vitreous  humour  was  fo  called  from  a  fup- 

poled  refemblance  to  melted  glafs ;  it  is  a  clear  and 

gelatinous  fluid,  very  much  refembling  the  white  of 

an  egg.    Ic  fills  about  three-fourths  of  the  globe  of 

the  eye,  and  extends  from  the  poflerior  part  of  the 

eye  as  far  as  the  ciliary  ligament.     It  is  contained 

in  a  fine  tranfparent  capfule  or  membrane,  and  being 

dcxteroufly  removed  from  the  globe  of  the  eye, 

preferves  its  confiilence  for  fome  time,  being  lup- 

ported  by  its  capfule,  but  afterwards  runs  oflF,  and 

the  capfule  fhrinks  by  degrees.    The  tlun  capfule 

which  furrounds  the  vitreous  humour  fends  oSi 

a  number  of  membrandus  procefles  into  the  vitreous 

fubfUnce,  where  they  form  cells,  which  communis 

cate  with  each  other,  and  aSbrd  a  greater  degree  of 

firnanelsand  tenacity  to  the  whole  mafs. 

*  Honter  on  the  jiigmentoia  of  the  eye.     See  his  Ammal 

The 
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The  anterior  part  of  the  vitreous  humour  is  1 
cavated  for  the  reception  of  the  cryftalUnc.      Tii 
body  has  the  confrflcncc  of  very  firm  jelly,  as! 
has  the  form  of  a  lens  more  convex  behind  tha 
before*     It  is  moft  properly  denominated  the  cr^ 
talline  lens,  and  is  invefted  with  a  capfule>  w^hicka 
derived  from  that  of  the  vitreous  humour^  or  at  feafi 
conneded  with  it.     Stcno  obferved>  that  the  Im 
was  compofed  of  concentric  lamellae^  and  Zinn  hs 
difcovered  radiated  ftreaks  of  a  pearl  colour,  cS- 
viding  it  into  litde  triangles.     The  colour  and  co^ 
fiftence  of  die  cryftalline  humour  varies  ac  difirFCoi 
ages.     Till  the  age  of  thirty  it  b  very  tranJpartDi^ 
and  almoft  without  any  colour.     It  afterwards  be- 
comes yellowi(h^  and  that  yellownefs  gradually  ifi- 
creafes.     Till  the  age  of  twenty  the  confidence  of 
the  lens  is  generally  uniform  throughout  i  from  this 
time  it  becomes  hardell  in  the  middle,  and  this  hard- 
nefs  gradually  increafes,  and  extends  towards  tbe 
furface  *. 

The  fore  part  of  the  eye  is  filled  by  a  fluid  tranf* 
parent  like  the  others,  but  as  thin  as  water,  and  it  is 
therefore  called  aqueous  s  this  occupies  all  the  ipace 
between  the  cryftalline  lens  and  the  prominent  cor- 
nea.    The  iris  floats  loofely  in  this  fluid,  and  dividci 

•  The  cryftalline  lens  in  fifh  is  coiopletely  fphericaL  and  it 
more  denfe  than  in  terreftrial  animals.  This  di£erence  is  n 
be  accounted  for  from  the  difFerent  refra^lxve  power  of  die  oie- 
dium  in  which  they  live«  The  rays  of  light,  in  paffingottof 
one  mediuiD  intoanother«  undergo  a  rcfradion  proportioned  ts 
the  difference  of  their  denfities.  As  water,  there&re,is  a  mors 
denfe  nedium  than  air,  the  eyes  of  fach  animals  as  inhabit  dtt 
ibrmer  mail  have  a  greater  refra£Uve  power  than  tfaofe  whidi 
Uvc  in  the  latter^  for  the  produdion  of  diAi&d  viii(». 

it 
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it  into  two  parts  called  chambers,  which  commu- 
nicate with  each  other  through  the  pupil.  The 
poftcrior  chamber  is  that  fpace  contained  between 
the  pofterior  furface  of  the  iris  and  tlie  tens  j  the 
anterior  is  that  between  the  anterior  part  of  the  iria 
and  the  cornea. 

The  eye  receives  its  blood  fronrl  the  internal  ca-« 
rotid  artery.  The  optic  nerve  does  not  enter  it 
immediately  behind  thr  pupil  at  its  pofterior  part, 
but  rather  towards  the  nofe,  fo  that  thediftance 
between  the  pupil  and  optic  nerve  is  greater  when 
.  meafurcd  round  the  external  fide^of  the  eye  next 
the  forehead,  than  when  the  internal  furface  is  mca- 
fured  next  the  nofe.  At  that  part  of  the  eye  where 
the  optic  nerve  enters,  no  fcnfc  of  vifion  can  be  ex- 
cited. 

The  mufclcs  of  the  eye  have  been  already  de- 
fcribed  in  another  part  of  the  work.  Jor  the  human 
eye,  fee  Plate  XV.  Fig.  i,  and  2. 

The  father  of  the  prefent  Dr.  Monro,  of  Edin- 
burgh, has  publilhed,  in  his  comparative  anatomy, 
fome  excellent  remarks  on  the  variety  in  the  eyes  of 
different  animals,  than  which  no  more  ftriking  in- 
ftance  can  be  produced  of  the  wifdom  and  dclign 
which  pervades  creation. 

*  All  quadrupeds  have^  he  obfervesj  at  the  internal 
canthus  of  the  eye,  a  ftrong  firm  membrane  with  a 
cartilaginous  edge,  which  maybe  made  to  cover  fbme 
part  of  their  eye  j  and  this  is  greater  or  Icfs  in  different 
animals,  as  their  eyes  are  more  or  lefs  expofed  to 
dangers  in  fearching  after  their  food.  This  mem- 
brana  niSitans^  as  it  is  called,  is  however  not  very 
large  in  all  thefe  animals.  Cows  and  hories.have  it 
Vol.  Ill,  E:f  f9 
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fo  large  as  to  cover  one  half  of  the  eye  lilce  a  cur- 
tain, and  at  the  fame  time  it  is  tranfparenc  enou^ 
to  allow  abundance  of  the  rays  of  lighc  to  paifi 
through  it.  Fifhcs  have  a  cuticle  always  over  their 
eyes,  as  they  are  ever  in  danger  in  that  ir&cronflmnz 
element,  the  water.  In  this  therefore  we  may  ob- 
-ferve  a  fort  of  gradation. 

*  All  quadrupeds  have  a  feventh  mufcle  belonging 
to  the  eye,  called  Jufpenjorius.     It  furrounds  almoft 
the  whole  optic  nerve,  and  is  fixed  into  the  fcferodc 
coat  as  the  others  are.     Its  ufe  is  to  fuftain  tbe 
weight  of  the  globe  of  the  eye,  and  to  prevent  the 
optic  nerve  froni  beiqg  too  much  ftretched,  without 
obliging  the  four  ftraight  raufcles  to  be  in  a  cond- 
nual  contradioti,  which  would  be  inconvenient:  at 
the  fame  time  this  mufcle  may  be  brought  to  aiZift 
any  of  the  other  .four,  by  caufing  one  particular  por- 
tion of  it  to  a6l  at  a  time. 

'  The  next  thing  to  be  remarked  is  the  figure  of 
the  pupil,  which  is  different  in  different  animals, 
but  always  exaftly  accommodated  to  the  creature's 
way  of  life,  as  well  as  to  the  different  ipccies  of 
objefts  that  are  viewed.  Man  has  it  circular,  for 
obvious  reafons  :  an  ox  has  it  oval,  with  the  longeft 
diameter  placed  tranfverfely,  to  take  in  a  larger 
view  of  his  food :  cats,  again,  have  theirs  like^ile 
oval,  but  the  longeft  diameter  placed  perpendicu- 
larly ;  they  can  cither  exclude  a  bright  light  altoge- 
ther, or  admit  only  as  much  as  is  neceflary.  The 
pupil  of  diiiercnt  animals  varies  in  widencfs>  ac- 
cording as  the  internal  organs  of  vifion  are  moie  or 
lefs  acute :  thus  cats  and  owls,  who  feek  their  prey 
in  the  nighty' or  in  dark  places  (and  conlequently 
a  muft 
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mud:  have  their  eyes  fo  formed  as  that  a  few  rays  of  i 

light  may  make  a  lively  impreflion  on  tke  retina),  ] 

have  their  pupils  in  the  day-time  contrafted  into  a  J 

very  narrow  fpace,  as  a  great  number  of  rays  would 
opprcfs  their  nice  organs ;  while  in  the  night,  or  ■ 

-where  the  light  is  faint,  they  open  the  pupil^  and  * 

Very  fully  admit  the  rays.     In  the  feme  way,  when  ' 

the  retina  is  inflamed,  a  great  number  of  ray<5  of  light 
would  occafion  a  painful  fenfation ;  therefore  the 
pupil  is  contraft<-d  :  on  the  contrary,  in  dying  peo- 
J>le,  or  in  a  beginning  am  urofis,  it  is  generally  di-  ,  • 
latcd,  as  the  eyes  on  fuch  occafions  are  very  dif- 
ficultly afFedted,  and  in  fome  meafure  infcnfiblc. 
Sec  Plate  XV-  Fig.  ji  4»  5- 

*  The  pofterior  part  of  the  choroid  coat,  which  is* 
called  tapetum,  is  of  different  colours  in  different 
creatures.     For  oxen,  feeding  moftly  on  grafs^  have 
this  membrane  of  a  green  colour,  that  it  may  rcfleft 
tipon  the  retina  all  the  rays  of  light  which  come 
from  the  objefts  of  that  colour,  while  other  rays  are 
abforbed  :  thus  the  animal  itt^  its  food  better  than 
it  docs  other  objcfts.     Cats  and  owls  have  their 
tapetum  of  a  whitilb  cololir ;  and  for  the  famp  rea- 
fons  have  the  pupil  very  dilatable,  and » their  or- 
gans of  vifion  acute :  and  we  fhall  find^  that  all  ani- 
mals fee  more  or  lefs  diftindly  in  the  dark,  accord- 
ing as  their  tapetum  approaches  nearer  to  white  or 
'  black  colour.     Thus  dogs,  who  have  it  of  a  greyilh 
colour,  diftinguilh  objefts  better  in  the  night  than 
^  man,  whofe   tapetum  is  dark  brown,   and  who, 
I  believe,  fees  worft  in  the  dark  of  any  creature  s 
it  being  originally  defigned  that  he  fliould  reft  from 
all  kinds  of  employment  in  the  night-time.     The 
difference  then  of  the  colour  of  the  tapetum,  as 

F  f  2  indeed 
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iqjdeed  the  fabric  of  any  other  part  in  different  crta- 
tures,  always  depends  ^  fomc  particular  advantage 
accruing  to  the  animal  in  its  peculiar  manner  of  life 
!  from  this  fingularftj^*/    - 

It  was  neceffary^  in  a  former  part  6f  this  work,  to 

riotice  the  fubjeS  of  vifion^  in  defcribing  the  cficcb 

}  and  phenomena    of  Itgbf  f  *     The  eye  was  then 

.     .       mi^tioned  as  a  mere  optical  inftrumcnt,  but  after 

the  particular  dcfcription  of  that  organ,  which  has 

\  now  been  given>  a  more  particular  tnve^ation  of 

the  fenfc  of  fight  feemsto  be  required  i  aridihould 

the  reader  find  any  thing  likfe  repetition  ja  what 

•  will  now  be  fubmitted  to  him,  his  candour  wilU 

^  doubt  not,  pronounce  my  apology  for  endcayourii^ 

i  DO  render  as  clear  as  poflible  a  fubjc6l  which  is  at 

}  once  both   important  and  difficult  to  be  undcr- 

i  flood.  fr-^ 

It  has  been  fufficiently  explained,  9fiat  from  every 
I  point  of  a  vifible  objeft  the  rays,  or  rather  pencils, 

'  of  light  are  emitted  or  reflcftcd  in  every  direftioPi 

but  to  produce  vifion,  it  is  iijQceflary  that  they  ftouU 
be  condenfed  or  converged  to  liich  a  point  as  Vi 
make  a  forcible  inrtpreffion  on  the  redna.    Thus 
{  from  the*  luminous   body  A  (Fig,  6.)  the  rays 

r,  ry  r  are  fent  in  various  directions.  Thofe 
which  fall  upon  the  tranfparent  cornea  CC  arc 
there  refraded  in  Ibch  a  manner  as  to  enter  the  pu- 
pil at  py  and  in  pafiing  the  cryftalline  lens  or  hu- 
mour they  fuffer  a  fccond  refraftion,  and  are  con- 
verged^to  a  point  of  focus  at  the  point  a  on  the 
retina.     Now  it  is  evident,  that  if  the  rays  cotild 

*  Monro's  Comparative  Anatomy^ 

t  Sec  book  iii.  chap.  6. 
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have  paflTed  the  humours  of  the  eye  in  their  natural 
direftion,  that  is  in  the  direftion  of  the  cone  or 
pyramid  C,  A,  C,  they  would  have  made  upon 
the  retina  a  very  extenfive  but  feeble  imprefl^on, 
fuch  as  we  know  by  experience  could  not  produce 
diftinft  vifion  j  to  obviate  this  it  is  appointed  by 
the  all-wife  author  of  our  exiftence,  that  by  the 
force  of  the  rufcfljpn  whi'^h  they  fufFer  in  the  eye, 
they  fhould  fOTn  another  cone  oppofed  to  the 
firft  at  its  bafe,  and  the  apex  of  which  is  at  a,  and 
thus  an  Impreflion  fufficiently  forcible  to  produce 
diftinft  vifion  is  made  on  the  retina. 

In  the  preceding  inft^nce,  the  luminous  body  A 
was  confidered  as  a  point,  and  what  has  been  faid 
of  it  will  apply  to  every  point  of  a  vifiblc  objeft, 
which  is  capable  of  tranfmitting  or  reflefting  to  the 
eye  a  pencil  or  collcftion  of  rays.  Thus  we 
may  eafily  fuppofe  that  from  every  point  of  the 
arrow  A,  D,  B,  (Fig.  7.)  pencils  of  light  may  be 
tranfmitted ;  thefe,  like  all  pencils  or  colle6tions  of 
rays  coming  from  a  point,  will  diverge,  and  will  fall 
upon  the  eye  in  the  form  of  cones  or  pyramids,  fuch 
as  A,  M,C.  from  the  point  A  j  D,  ^,  /  from  the  point 
D  ;  and  B,  C,  N.  from  the  point  B.  If  the  eye, 
therefore,  is  in  a  proper  ftate,  the  divergent  rays  pro- 
ceeding from  the  point' D  will  be  united  together 
into  one  pencil  or  mafs,  fuch  as  they  were  when 
they  firft  proceeded  from  the  objeft,  at  the  point  d^ 
upon  the  retina ;  the  divergent  rays,  which  fall 
more  obliquely  from  the  point  A,  will  be  united 
on  the  retina  at  the  points  ;  and  thofe  which  pro-* 
cccded  from  B  will,  by  the  fame  rule,  be  converged 
i^i  meet  at  ^»  Hence  it  is  evident,  that  by  means 
F  f  3  of 
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of  this  rcfraaion  there  are  certain  points  at  which 
the  rays  of  light,  after  pafling  the  pupil,  crofs  eadi 
other,  and  the  image  which  is  formed  on  the  itm 
is  confequently  inverted. 

If  thd  humours  of  the  eye,  through  age  or 
weakriefs,  have  fhrunk  or  decayed,  the  cornea  wiij 
then  be  foo  flat,  and  the  rays  not  being  fufficiently 
bent  or  refrafted,  arrive  at  the  redo^^efbre  thcf  arc 
united  in  a  focus,  and  would  meet,  if  not  intercepted 
in  fome  place  behind  it,  as  in  Plate  XVI.  Fig.  J. 
They  therefore  dp  not  make  an  impreffion  fuf- 
ficiently forcible,  but  form  an  indiflinft  pidhire  on 
the  bottom  of  the  eye,  and  exhibit  the  objc6  in  i 
eonfufed  and  imperf«r6t  manner.  This  dcfeftof 
the  eye  is  therefore  remedied  by  a  double  con^a 
lens,  fuch  as  the  common  fpedtacle  glaffes,  ^ch, 
by  caufing  the  rays  to  converge  fooner  than  they 
otherwife  would,  afford  that  aid  tothib  defcd  of  na- 
ture which  the  circumftances  of  the  cafe  may  re- 
quire, the  conyexity  of  the  glafs  being  always  pro- 
portioned to  the  deficiency  in  vifion. 

If,  on  the  contrary,  the  cornea,  is  too  convex, 
the  rays  will  unite  in  a  focus  before  their  arrival 
at  the  retina,  as  in  fig*  9,  and  the  image  will  aliQ 
be  indiflinft.  This  defed  is  remedied  by  cm- 
cave  glaffes,  which  caufe  the  rays  to  diverge, 
and  confequently,  by  being  properly  adapted  w 
the  cafe,, will  enable  the  eye  to  form  the  imaged 
its  proper  place. 

As  the  direftion  in  which  the  rays  crofs  each 
Other  bears  a  due  proportion  to  the  angle  in  which 
they  arc  tranfmitted  from  the  objc£t  to  the  eye,  'f 
is  evident  that  the  image  fprmcd  upon  tbcrctii^ 
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ivill  be  proportioned  to  the  apparent  magnitude ; 
und  thus  we  have  our  firft  ideas  of  the  fizc  and 
diflance  of  bodies,  which,  however,  in  many  €afcs 
are  correded  by  experience.  The  nearer  any  objeft 
is  to  the  eye,  the  larger  is  the  angle  by  which 
it  will  appear  in  the  eye,  and  therefore  the  greater 
will  be  the  feeming  magnitude  of  that  body.     This 
faft  it  will  not  be  difficult  to  explain*     Suppofc  the 
obje6l  H  K  (fee  Fig.  10.)  to  be  at  a  hundred  yards 
diftance,  it  will  form  an  angle  in  the  eye  at  A.   At 
two  hundred  yards  diftance,  the  angle  it  makes  will 
be  twice  as  fmall  in  the  eye  at  B',     Thus  to  what- 
ever moderate  diftance  the  obje£t  is  removed,  the 
angle  it  forms  in  the  eye  will  be  proportionably 
lefs,  and  therefore  the  object  will  be  diminjlhcd  in 
the  fame  proportion. 

From  fomre  late  experiments  made  by  Dr.  Ho- 
fach  and  Mr.  Ramfden,  it  appears,  that  the  power 
of  changing  the  focus  of  the  eye,  and  adapting  it 
to  different  diftances,  does  not  refide  in  the  cryftal- 
line  lens,  but  in  the  cornea :  that  the  cornea  U  com- 
pofed  of  laminae  5  that  it  is  elaftic,  and  capable  of 
being  elongated  one  eleventh  of  its  diameter,  and 
of  contrafting  to  its  former  length  by  its  own  exer- 
tions ;  and  laftly,  that  the  tendons  of  the  four  ftrait 
mufcles  of  the  eye  are  continued  to  the  edge  of  the 
cornea,  and  terminate  or  are  inferred  in  its  external 
lamina.     By  the  fanie  experiments  it  was  found> 
that  in  changing  the  focus  of  the  eye  from  feeing 
with  parallel  rays  to  a  near  diftance,  there  is  a  vi- 
fiWe  alteration  produced  in  the  figure  of  the  cor-r 
lica,  which  renders  it  more  convex  5  and  the  alte-» 
F  f  4  ratiQi> 


440         ^h  OhjeSfs  arejtm  upright.     [Book  IX. 

ratloh  by  which  the  cornea  is  brou^t  back  to  its 
former  ftate  is  equally  vifiblc*. 

Artificial  eyes  are  fold  by  the  opticians,  in  which 
all  the  hurt!  ours  are  made  of  different  kinds  of  glafs, 
and  may  be  feparated  at  pleafure*  At  the  back 
part,  where  the  retina  is  fuppofed  in  the  najural 
eye  to  receive  the  converged  rays,  is  placed  a  piece 
of  ground  glafs,  where  the  image  from  theoppofed 
objedls  is  painted  in  an  inverted  pofition,  as  in  a 
camera  obfcura.  The  fame  effeft  may  be  pro* 
duced  with  a  natural  «ye,  and  the  nature  of  vifion 
may  be  thus  experimentally  demonftrated :  if  a 
bullock's  eye  is  taken  fi-efh,  thepofterior  coats  dex- 
teroufly  removed  even  to  the  vitreous  huniour,  and 
if  a  piece  of  v;l)ite  paper  is  then  placed  at  the  part, 
the  image  of  any  bright  objcft  which  is  placed 
before  the  eye  will  be  {ttn  diftinftly  painted  on 
the  paper,  but  in  an  inverted  pofition. 

It  has  been  a  matter  of  much  doubt  ind  difpute 
by  what  means  it  happens  that  we  fee  every  ob- 
je6t  in  its  natural  upright  pofition,  when  we  know 
it  to  be  inverted  on  the  objeft  of  fenfacion.  To 
this  the  rnoft  fatisfadory  ^nfwer  that  can  be  given 
is,  that  we  do  not  fee  the  picture  which  is  formed 
at  the  bottom  of  the  eye,  but  the  objeft  itfelf. 
The  pifture,  or  rather  the  imprcirion  made  on  the 
retina,  is  the  means  of  feeing,  and  therefore  it  does 
not  appear  of  material  confequence  on  what  part  of 
•  the  retina  the  impreflion  is  made.  We  in  fa<5t  fe« 
the  image  in  the  dircftion  of  that  ray  which  con- 
veys to  us  the  fenfation,  or  rather  in  the  direfHon 
of  the  axis  of  that  pyramid,  which  a  pencil  of  di* 

♦  Phil,  Tianf.  for  1795,  Part  i. 
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vergent  rays  forms  in  proceeding  from  any  point  of 

an  objeft.     Thus  in  Fig.  7.  we  fee  the  point  of  the 

arrow  (which  is  indeed  depicted  in  the  lower  part 

of  the  eye)  in  the  diredion  of  the  line  Uy  A,  that  is, 

in  its  proper  upright  pofition.     On  the  contrary, 

we  lee  the  other  extremity  of  the  arrow  (which  is 

painted  on  the  fuperior   part  of  the  retina)  in  the 

direftion  of  ^,  B;  thiat  is- at  the  lower  end  of  the 

objeft.     However,  therefore,  the  image,  which  is 

formed,  may  appear  inverted  toa  perfon  infpefting 

a  natural  eye,  as  in  the  preceding  experiment,  ftill 

the  eye  itfclf  difcems  the  objeft  \x%  its  proper  and 

natural  pofition. 

As  the  rays  of  light  are  emitted  or  reflefled  from 

a  vifible  objeft  in  all  direftions,  it  is  evident,  that 

fome  of  them  from  every  part  of  it  muft  reach  the 

eye.     Thus    the  objeft  A,  B,  C   (Fig.   11.)   is 

vifible  to  an  eye  in  any  part,  where  the  rays  A  a, 

Al^y  A  c,  AJ,  A  e,  Bay  Bt,    Be,  B  d,Be, 

C  a^  C  by  C  Cy  C  dy  and  C   e   can   come.     But 

.  though    rays    are  ^eflccled  from  every  point  of 

the  objeft  to  every  point  of  the  circumambient 

fpace,  yet  it  is  evident,  that  only  thofe  rays  which 

pafs  through  'the  pupil  of  the  eye  can  affcft  the 

fenfe  j  thefe  rays   give  alfo  the  idea  of  different 

colours,  according  to  the  properties  of  the  bodies 

which  tranfmit  or  refleft  them,  upon  the  principles 

formerly  demonftrated. 

It  is  very  difficult  to  explain  how  it  happens  that 
twodiftinft  images  are  painted  upon  both  eyes,  and 
yet  that  we  only'  perceive  a  fingle  object.  This 
difficulty  has  been  attempted  to  be  folved  by 
having  recourfc  to  the  power  of  habit  j  but  I  con- 

fcfs 
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fefs  I  cannot  help  being  of  opinion  with  Dr.  Rcid, 
that  the  corrcfpondencc  of  the  centers  of  the  two 
eyes,  on  which  (ingle  viiion  depends^  does  not  mk 
from  cuftonij  but  from  fome  natural  conftkudoa 
of  the  Optic  nerves.     The  cafe  of  the  young  man 
born  blind,  who  was  couched  by  Mr.  Chefeldcn, 
and  who  faw  fingly  wich  both   eyes,  immediacdy 
upon  receiving  his  fight,  is  very  properly  adduced 
by  that  refpeftable  author  in  favour  of  this  fi^pcv 
fition.     He  alfo  found,  that  three  young  gentlemen, 
whom  he  endeavoured  to  cure  of  fquinting,  lav 
objefts  fingly,  51s  foon  as  ihey  were  brought  to  di- 
reft  the  centers  of  both  eyes  to  the  fame  objed, 
though  they  had  never  been  ufcd  to  do  {o  fiom 
their  infancy  j  he  remarks  too,  that  there  arc  cafes 
in  which  the  fulleft  convidlion  of  an  obje(£t  being 
fingle  will  never  make  the  objeft  appear  fo,  even 
by  the  longcft  praftice,  as  in  the  cafcr  of  looking 
through  a  multiplying  glafs  *, 

In  thofe  who  fquint,the  diftance  between  the  two 
pupils  is  confiderably  lefs  than  in  other  perlbns,  fcr 
y/hen  the  pupil  of  the  undiftorted  eye  is  ieatcd  in 
the  middle  of  the  aperture,  as  in  looking  dircdUy 
forwards,  the  pupil  of  the  other  eye  is  drawn  clofc 
to  the  nofe,  fo  that  the  two  axes  are  never  pointed 
at  the  fame  objeft,  though  the  mufcles  fo  fer  aft  in 
concert  with  each  other,  as  to  move  both  eyes  the 
fame  way  at  the  fame  inftant  of  time.  Dr.  Jurin 
obferres,  that  this  vicious  habit  may  eafily  be  con- 
trafted  by  a  child,  if  he  is  laid  in  his  cradle  in  fuch 
a  pofition  as  to  perceive  the  light  with  one  eye  only, 

•  Rcid's  Incjuiry  into  Human  Mind,  p.  267, 

The 
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The  moft  commpn  caufe  of  fquinting  is,  how* 
ever,  an  inferiority  in  the  fight  of  one  of  the  eyes^ 
Dn  Reid  aflcrts,  that  having  examined  aSovc 
twenty  perfons,  who .  fquinted,  he  found  in  all  of 
them  a  dcfe6t  in  the  fight  of  one  eye.  Four  of 
them  only  had  (6  much  of  diftindt  vifion  in  the 
weak  eye  as  to  be  able  to  read  with  it,  while  the 
ether  was  covered ;  the  reft  faw  nothing  diftindly 
with  the  defeftiye  eye*. 

When  the  eyes  are  equally  good,  we  fee  with 
both  eyes  more  diftindtly  than  with  one,  by  about 
a  thirteenth  part ;  but  when  the  eyes  are  unequal 
in  their  powers,  objedls  appear  lefs  diftindl  with 
both  eyes  than  with  one.  It  is  no  wonder,  there- 
fore,  that  fuch  perfons  ftiould  chufe  to  make  ufe  of 
one  eye  only,  and  to  turn  the  other  afide;  the 
weak  eye,  in  this  cafe,  is  generally  turned  to  the 
nofe,  becaufe  in  that  fituation  the  direftion  of  its 
axis  is  as  diftant  as  poflible  from  that  of  the  good 
eye  i  and  befides  this,  the  nofe  conceals  many  ob* 
jefts  from  its  view. 

This  is,  however,  not  the  only  caufe  of  fquinting; 
it  is  fometimes,  though  rarely,  the  efFcft  of  habit, 
^s  was  intimated  rqfpefting  children  being  laid  in 
fhe  cradle  with  one  eye  turned  from  the  light,  or 
covered.  When  the  eye  that  (quints  is  turned  out- 
wards towards  the  temples,  that  caft  of  the  eye  is 
pommonly  the  mere  effeft  of  habit. 

If  the  eyes  differ  much  in  point  of  goodnefs,  the 
cure  will  be  extremely  difficult.  When  they  da 
not  materially  difFiu-  in  this  reiped,  the  proper  and 
natural  cure  is  to  cover  the  good  eye  for  fome 

f  Rcid's  Inquiry  into  Human  Mind,  p.  253. 
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time ;   for  in  this  cafe  the  diftorted  eye  is    obliged 
to  aft,  and  to  turn  itlclf  direftly  to  objeds,  which 
in  a  little  rime  becomes  natural   and    eafy  to  ir. 
Even  a  very  weak  eye  acquires  ftrength    by  cxcr- 
cife;  perfons  whofc  iijuinring  fecmed   almoft  in- 
curable, having  covered  their  good  eye   for  a  few 
minutes  only,  have   been  themfelves  furprifed  .to 
-find  the  ftrength  that  their  bad  eye  had  acquired  by 
exercife   even   for   that  ihort  period.     When  the 
fquint  has  proceeded  entirely  from  a  vicious  habir, 
a  cure  has  been  efFcfted  by  covering  the  good  eye 
for  a  fortnight  only  *. 

The  powers  of  this  fcnfe  are  limited,  as  well  21 
thofe  of  every  other  fenfe  and  faculty  of  nian. 

ift.  The  fight  is  very  limited  wi:h  refpect  to 
bodies  in  motion  5  for  with  a  certain  degree  of  ve- 
locity, as  that  of  a  cannon  ball  through  the  air,  they 
are  not  vifible,  unlcfs  very  Inmirbus, 

ad.  The  fame  effedt  is  exemplified  by  the  experi- 
ment of  whirling  a  lighted  coal,  as  was  already  in- 
timated. 

3d.  If  two  cbjefts  rneqiially  diftant  move  with 
the  fame  degree  of  velocity,  the  more  reqjcte  vill 
appear  the  flow  r.^  4th.  A  vifible  object  moving 
with  any  velocity  appears  to  be  at  reft-  if  the  fpacc 
defcribed  in  a  fecond  of  time  is  invifible  to  the 
eye.  Thus  a  near  objedt,  as  the  index  of  a  clock, 
moving  flowly,  or  a  remote  one,  as  a  planet,  mov- 
ing fwiftly,  appears  to  be  at  reft.  5th.  It  is  well 
.known,  that  when  the  eye  is  proceeding  ftrait 
forward,  as  in  a  boat  at  fea,  a  lateral  objedt,  either 

•  Rcid's  Inquiry  into  the  Human  Mind,  p,  S55. 
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at  reft,'or  moving  not  fo  faft,  appears  to  move  the 
contrary  way.  6th,  If,  however,  the  objed  is  at  a 
very  great  diftance,  it- will  fcem  tago  the  fame  way, 
as  when  a  perfon  runs  by  moonlight,  the  moon 
appears  to  accompany  him.  7th.  If  two  or  more 
objefts  move  with  the  fame  velocity,  and  a  third 
remains  at  reft,  it  will  appear  in  motion  whiFe  the 
moving  ones  feem  at  reft  ;  this  is  exemplified  by 
the  moon  and  the  clouds. 

There  are  fix  natural  methods,  by  which  wo 
judge  of  the  diftance  of  objefts  frorr>  the  eye. 
I  ft.  By  the  angle  which  is  made  by  the  optic  axes. 
For  want  of  this  direftion  it  has  been  obferved, 
Ihat  perfons  who  are  blind  of  one  eye  frequently 
mifs  their  mark  in  pouring  liquor  into  a  glafs,  &c. 
andly,  and  I  think  moft  generally,  by  the  apparent 
magnitude  of  objefts.  By  depending  upon  this 
method  we  arc  very  frequently  deceived  in  Our 
eftimates  of  diftance  by  any  extraordinary  large 
objefts,  as  in  travelling  to  a  great  city,  church, 
or  caftle,  we  fancy  them  nearer  than  they  really  are. 
This  furnilhes  us  alfo  witha  reafon  why  animals  and 
other  fmall  objefts  fcen  contiguous  to  large  moun- 
tains appear  exceedingly  fmall ;  for  we  imagine  the 
mountain  to  be  nearer  to  us  than  it  aftually  is.  On  the 
other  hand,  when  we  look  down  from  a  high  build- 
ing, the  objefts  beneath  us  appear  much  fmaller 
thin  they  would  at  the  fame  diftance  on  the  level 
ground  ;  the  reafon  is  plainly,  becaufe  we  have  no 
diftinft  idea  of  diftance  in  that  direftion,  and  there- 
forejudge  by  the  impreflions  upon  the  retina,  where- 
as cuftom  has  correfted  our  judgment  in  the  odier 
cafe.  The  third  method  of  determining  the  diftance 

of 


446  Cautions  for  the  [BcokIL 

of  objc6ts  is  by  the  force  and  vividne/i  of  the  co- 
loars,  and  the  fifth  is  analogous  to  \ty  namely,  bf 
the  different  ap[^arance  of  the  minute  parts.  Wte 
thefe   appear  diflinft,  we  judge    the  ob)e(%  tote 
liear,  and  the  contrary  when  they   appear  £dnt  cff 
confufed.     6thly,  We  arc  afiifted  in  judging  of  die 
diftance  of  any  particular  objcds,  by  the  other  ob- 
jefts  which  are  interpofed.     On  this  account,  dif- 
tances  upon  uneven  ground  do  not  appear  fograt 
as  upon  a  plain ;  for  the  valleys,  rivers,  and  other 
objcfts  that  lie  low,  arc  many  of  them  lolt  to  die 
light.     This  too  is  the  reafon  why  the  banks  of  a 
river  appear  contiguous  when  the  river  lies  law  and 
is  not  feen  *. 

In  children  the  pupil  is  ufually  more  dilated  than 
in  grown  pcrfons.     The  reafon  of  this  appears  to 
be,  that  in  childhood  the  cornea  is  more  flexible,  fo 
as  to  be  very  eafily  bent  into  any  curvature  n^ 
ceflTary  for  diftinft  vifion,  and   confequendy  the 
pupil  has  lefs  occafion  to  contraft.     In  grown  pcr- 
fbns  the  cornea  is  fliffer,  they  have  thctefbre  nwre 
neceffity  to  contract  the  pupil..    In  elderly  pcrfons 
the  cornea  grows  ftill  mdre  rigid ;  for  this  reafin 
they  are  obliged  fometimcs  to  hold  the  candle  be- 
tween the  eye  and  the  paper  on  which  they  rtadj 
and  their  doing  fo  is  a  direft  indication  that  Acy 
l)egin  to  want  fpeftaclcs  f. 

Children  read  much  nearer  than  grown  pcrfoi^ 
both  becaufe  their  eyes  are  frnaller>  and  becaufe 
their  cornea  is  more  flexible.     That  elderly  pcr- 

•  Eflay  on  Viilon,  quoted  by  Prieftlcy. 
f  Porterficld  on  the  eye,  quoted  by  Priefi^  Op.  Per.  6.  f.  »*• 
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ions  fee  better  at  a  great  diftance  than  younger  per- 
fons  is  generally  aHowed. 

It  is  a  certain  and  very  important  fa6t,  that  long 
fightednefs  may  be  acquired,  for  countrymen. 
Tailors,  and  thofc  that  are  habituated  to  look  at  re- 
mote objedh,  are  generally  long  fighted,  want  fpec- 
tacles  fooneft,  and  ufe  the  deepeft  magnifiers ;  on 
the  other  hand,  the  far  greater  part  of  the  Ihort 
fighted  are  to  be  found  among  ftudents,  and  thofe 
who  are  converfant  with  fmall  and  near  objefts ; 
every  one  becoming  expert  in  that  kind  of  vifion 
which  is  moft  ufcful  to  him  in  his  particular  pro- 
fellion  and  manner  of  life. 

Mr.  Adams,  in  his  very  ufeful  effay  on  vifion, 
has.  given  fome  rules  for  the  prefervation  of  the 
fight,  which,  for  the  benefit  of  the  ftudious  reader,  I 
have  thought  it  proper  to  infert. 

I  ft.  Never  fit  for  any  length  of  time  in  abfblute 
gloom,  or  expofed  to  a  blaze  of  light.  From  this 
rule  may  be  deduced  the  impropriety  of  going  haf- 
tily  from  one  extreme  to  the  other,  whether  of  dark- 
'  ncfs  or  of  light,  and  it  may  be  inferred  that  a  fouthern 
afpefl:  is  improper  for  thofe  whofe  fight  is  weak  and 
tender,  idly.  Avoid  reading  a  fmall  print.,  jdly.  Do 
not  read  in  the  duflc,  nor,  if  the  eyes  are  difordered, 
by  candle  light.  4thly,  The  eye  fliould  not  be  per- 
mitted to  dwell  on  glaring  objefts,  more  particu- 
larly  on  the  firft  waking  in  the  morning.  5thly. 
The  long  fighted  fhould  accufl:om  themfelves  to 
read  with  rather  lefs  li^ht,  and  fomewhat  nearer  to 
the  eye  than  ufual,  while  thofe  who  are  fliort  fighted 
fliould  ufe  themfelves  to  read  with  the  book  as  far 
off  as  poflible. 

Chap, 
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Chap.     XLIl. 

THE  GESTATION  AND  BIRTH  OF  ANIMALS. 

VarUtiis  in  the  FroduBion  of  Animals, '^Proportion  tf  Mah  n 
females, '•'^roiv/h  of  the  FatiLS.-^0<viparous  Animals. '^M 
ofExiftcnce  before  Birth>^Weight  of  a  nenv  horn  Infant^^Uij- 
tcUaaeous  Calculations  concerning  the  Proportion  of  Birth  » 
ihat  of  Deaths  in  Infancy ^  t^c* 

WE  have  hitherto  been  occupied  iJi  confickr- 
ing  the  flinifions  which  relate  to  the  a- 
iftence  and  welfare  of  animals,  let  us  now  dinefi 
our  attention  'to  thofc  which,  amidft  the  decay  rf 
individuals,  preferve  the  continuance  of  the  fpcdcs. 

Among  the  moft  minute  and  imperfeft  aniw^ 
there  arefome  which  may  be  multiplied  from  frag- 
ments of  the  fame  fpccies,  as  the  polypus  i  odicn 
grow  from  the  bodies  of  their  parents,  and  arc  m 
due  feafon  fet  at  liberty  to  fcek  nourilhment  for 
themfelvcs ;  fome  animals,  at  a  certain  period  of 
their  cxiftence,  naturally  divide  into  fcveral  parts, 
each  of  which  afterwards  becomes  a  whole  aruinai 
of  the  fame  race. 

As  we  afcend  in  the  fcale  of  animal  exifteflCCj  a 
difference  of  fex  prefents  itfelf  as  a  leading '^- 
tinftion.  We  find  fome  races  of  animals,  of  ^W 
every  individual  is  pofleflcd  of  both  male  and  fc-  ; 
male  organs  5  others,  among  which  a  fingle  itrr.^  . 
breeds  for  a  whole  community,  and  among  ^'^^^ 
there  are  very  few  individuals  pofleiTcd  of  fcx^tf* 
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organs.     In  general,  however,  about  half  the  indi* 
viduals  of  a  fpecies  are  males  and  half  females. 

It  is  in  ibme  meafure  foreign  to  the  objects  of  the 
prefent  ,work  to  enter  on  thofe  theories  with  which 
philofophers    have   aihufed  themfelves  and  their 
readers  concernmg  th^  generation  of  animals.    In- 
dependent of  the  indelicacy  of  the  fubjcft,  there  is 
another  ftrong  objeftion  to  their  introduftion  here ; 
fincc  thefe  theories  reft  upon  no  other  foundation 
than  conje6ture,  and  fome  fallacious,  knd,  I  thinks 
delufive  microfcopical  obfervations.   I  Ihall,  there-* 
fore,  content  myfelf  with  referrihg  the  reader  to  the 
natural  hiftory  of  the  Count  dc  BufFon,  and  for  a 
direft  contradidtion  of  his  theory  to  the  Abbe  Spa- 
lanzani.    The  former  of  thefe  philoibphers  has 
derived  the  principle  of  animal  exiftence  from  the 
-  male,  and  the  latter  from  the  female.    The  genera- 
tion of  fiflies  appears,  indeed,  greatly  to  favour  the 
theory  of  Spalanzani,  for  in  that  inftance  at  leaft, 
the  rudiments  of  the  young  animals  appear  to  be 
'  Gbntained  in  the  eggs  or  roe,  which  the  female  fifli 
firft  depofits  j  and  the  milt  which  is  afterwards  depo- 
fited  by  the  male  appears  only  to  excite  them  into 
aftion  and  growth.     If  we  admit  thus  much  of  his 
theory,  however,  we  muft  attend  him  a  ftep  ftirther^ 
and  fuppofe  that  every  female  ovum  in  the  ovarium 
of  a  female  muft  itfelf  contain  ovaria  and  ova,  and  by 
extending  the  fame  idea  we  muft  be  led  to  (!:onclude, 
that  the  rudiments  of  all  the  animals,*  which  have 
exifted,  do  exift,  or  ever  will  exift,  were  originally 
contained  in  the  ovarium  of  the  firft  female  of  die  par- 
ticular fpecies  to  which  they  rcfpedively  belong. 
This  has  been  therefore  called  the  theory  of  involu- 
YoL.  IIL  G  g  tiouj 
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tioni  and  has  been  fuppofed  equally  applicable 
animals  and  vegetables. 

,  In  die  procels  of  generadon,  die  firft  nmrks  ve 
fee,  after  fmpr^nadon,of  the  future  progeny^  is  a 
minute  being  without  limb  or  feature^  conne£fccd  by 
a  cord  to  the  internal  fur&ce  of  the  ucenis^  and  fur- 
rounded  by  very  thin  mcmbraAes.  It  feems  formed^ 
hpweveri  of  two  mafles  j<»ned  together,  the  larger 
of  which  is  the  head  and  the  fmaller  the  body.  As 
the  foetm  advances  in  growth  the  body  acquires  a 
larger  fize  with  refpe£b  to  the  head,  fimll  protube* 
ranees  make  their  appearance  on  the  body,  which 
are  the  Aiture  limbs^  and  the  features  begin  to  ma- 
nifeft  themfelves.  In  this  manner  the  foetus,  gca* 
dually  acquiring  a  more  determinate  ftrufhire,  and 
more  evident  marks  of  the  ipecies  to  which  it  be« 
longs»  is  at  length  difengaged  from  the  mother.  In 
different  fpecies  there  is  great  variety  in  the  pcr- 
fedtion  of  the  animal  at  the  dme  of  birth ;  the  young 
of  the  human  fpecies  is»  perhaps,  the  moft  backward 
of  any  in  this  refpedl  ^  for  a  child,  when  fix  months 
old,  is  not  fo  able  to  provide  for  idelf  as  a  horle 
-or  an  afs  at  the  age  of  as  many  days. 

In  many  races  of  animals  it  ihould  be  ob(ervcd» 
particularly  in  birds,  the  growth  of  the  foetus  takes 
place  out  of  the  body  of  the  mother.  This  is  indeed 
the  cafe  with  all  animals  which  fpring  from  eggs,  and 
in  which  we  have  a  very  favourable  oj^rtunity  of 
obferving  the  progrefs  of  the  foetus  from  its  ftrft  ap« 
pearance  nil  it  has  acquired  that  ftate  of  perfedioo 
at  which  it  is  hatched.  During  the  whole  period 
of  its  growth  it  is  fupported  by  a  limited  quantity 

of 
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xrt  nouriihmcnt  contained  within  the  cgg-lhell,  and 
^hich  is  that  part  of  the  egg  called  the  yolk. 

The  human  foetus  is  furrounded  with  three  mem- 
iiranes  1  the  external  of  thefe  is  yafcular^  and  is 
called  the  fpongy  chorion ;  Jthe  mi  idle  coat>  called 
the  media  or  true  chorion^  and  the  internal  one^ 
called  the  amnion,  are  not  fo.  Mr.  Hunter  has 
found  the  fpongy  chorion  to  cohfift  of  two  layers ; 
that  which  lines  the  uterus  he  calls  memhrana  caduca 
or  deciduay  becaufe  it  is  caft  off  after  delivery ;  the 
portion  which  covers  the  ovum,  decidua  reflexa^  be- 
caufe it  is  reflected  from  the  uterus  upon  the  ovum« 
The  memhrana  decidua  is,  According  to  Mr.  Hun- 
cer,  perforated  with  three  foramina,  viz.  two  fmall 
ibramina,  corrcfpondirig  to^e  openings  of  the  Fal- 
lopian tubes  at  the  fundus  uteri,  and  a  lai^r  one 
oppofite  its  cervix.  The  decidua  reflcxa  becomes 
more  thick  and  vafcular  as  it  approaches  the  pla« 
centa,  and  conftitutes  its  maternal  part.   . 

The  fcetus  appears  floating  in  atranfparent  fluid 
contained  in  the  amnion,  fufpendcd  by  the  umbilical 
cord,  and  the  head,  being  the  largeft  part,  and  the  in- 
fertion  of  the  umbilical  cord  being  at  a  confiderablc 
diftance  from  it,  falls  loweft;  a  circumftancc  very  ne- 
cciiary  to  fafe  and  cafy  delivery.  The  fcetus,  when  it 
has  nearly  obtained  its  growth,  is  curled  lip  in  an  ova) 
foi'm  i  its  back  is  round,  and  turned  towalrds  one 
fide  of  the  mother,  making  that  fide  more  protube^ 
rant  \  its  chin  is  preifcd  againft  its  bread  1  with  its 
arms  it  embraces  its  knees,  and  its  heels  are  clofe 
to  it^  buttocks.  A  moft  curious  but  fbmewhat 
complicated  branch  of  the  animal  ccconomy,  is  the 
means  which  nature,  employs  for  carrying,  on  the 
G  g  2  .  nourilh« 
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Dourifhment  of  the  foetus.    I  have  already  menti- 
oned the  umbilical  cord,  which  connedts  the  fistus 
(o  the  uterus.     One  end  of  this  cord  is  connedcd  to 
the  fubflancecalled  the  placenta,  and  the  other  entcn 
the  navel  of  the  fortus.     The  placenta  is  a  (pongy 
fubftance  as  broad  as  the  crown  of  a  hat,  and  about 
two  fingers  in  thicknefs,  and  is  commonly  attached 
to  the  upper  part  of  the  uterus.     The  outer  furfacc 
of  the  placenta  is  foft,  tender,  and  ipongy,  and  com- 
monly bloody,  on  account  of  its  feparation  from  the 
veflels  of  the  uterus.     Its  kitemal  fur&ce,  where  it 
\%  covered  by  the  membranes,  is  firm,  glofi^,  and 
beautifully  marked  with  the  ramificatioos  of  blood- 
veflels.     On  the  outfide    the  blood-veflels    can 
fcarcely  be  obferved,  as  they  are  there  very  minute. 
On  the  outiide  of  the  placenta  there  is  al£>  an  ap- 
pearance like  a  divifion  into  k>bes.     The  umbilical 
cord  is  generally  inferted,  not  into  the  middk,  but 
towards  the  edge  of  the  placenta,  which  facilitates 
its  reparation  after  delivery.     With  the  placenta,  as 
has  been  fuppofed,  the  arteries  of  the  uterus  have 
a  communication,  by  which,  in  the  firft  periods  of 
geftation,  the  foetus  receives  a  (erous  fluid,  and  io 
the  later  periods  a  large  quantity  of  blood. 

It  has  alfo  been  taken  for  granted,  that  the  arteries 
of  the  umbilical  cord  communicate  with  the  veins  of 
the  uterus,  and  that  thus  a  circulation  of  iluidsis 
msuntained  between  the  foetus  and  the  mother.  Mr. 
Hunter,  however,  after  numerous  experiments,  has 
adopted  a  different  opinion.  By  a  variety  of  trials 
by  injeftion  he  finds,  that  fluids  thrown  lAto  the 
vefTels  of  the  umbilical  cord  never  get  into  thofe  of 
the  uterus;  and  on  the  other  hand,,  thofc  thrown 

into 
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into  the  veflcis  of  the  uterus  find  no  admifilon  into 
thofc  of  the  umbilical  cord;  he  therefpre  coij- 
cludcsj  that  the  human  placenta,  as  well  as  that  of 
quadrupedsjis  a^compofition  of  two  parts  intimately 
biended^  viz,  an  umbilical  or  in&ntile  portion,  and 
an  uterine  portion.  The  former,  by  maceration,  is 
found  to  confift  of  the  ramifications  of  the  veflfels 
of  the  umbilical  cord,  the  other  Mr.  Hunter  confi* 
ders  as  an  efflorefcence  of  the  internal  furfaceof  the 
uterus,  which  forms  a  membrane,  fending  nume- 
rous procefles  into  the  fubftance  of  the  placenta;  this 
latter  is  the  membrana  decidua.  Mr.  Hunter  docs 
not  pretend  to  Ipecify  the  nature  of  the  union  be- 
tween thefe  two  portions  of  the  placenta. 

The  veins  of  the  placenta  unite  into  a  fingle  trunk, 
which,  leaving  the  placenta,  enters  the  navel  of 
the  foetus.  Two  arteries,  which  are  continued  fi-om 
the  internal  iliac  arteries,  pafs  Out  at  the  navel  of 
the  fcetus  and  enter  the  placenta ;  and  thefe,  with  the 
vein  above  mentioned,  conftitute  the  umbilical  cord. 
By  means  of  thefe  arteries  and  veins,  a  communi- 
cation is  maintained  between  the  foetus  and  the  pla- 
centa. The  umbilical  veffels  do  not  run  in  a  direft 
courfe,  but  both  the  arteries  and  the  vein  are  mu- 
tually twitted  about  each  other.  The  umbilical  corcj 
pafies  from  the  foetus  to  the  placenta,  through  the 
liquor  amnii.  The  winding  courfe  of  thefe  veffels, 
and  the  elafticicy  of  the  fubftance  which  furrounds 
them,  proteft  them  in  a  great  nicafure  from  the 
bad  cffefts  which  would  otherwife  happen,  froni 
their  being  ftretched  or  preffed,  which  might  put  a 
ftop  to  the  circulation.  Befides  thefe  veffels,  how- 
ever, there  is  another  in  brutes,  called  the  urachus, 
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which  conveys  the  urine  from  the  bladder  to  a  vcW 
called  the  allantoidcs.  In  die  human  Ipccics,  bod 
the  urachus  and  the  allantoides  arc  wantuig. 

There  is,  indeed,  in  the  human  foetus^  fbmcdis^ 
like  an  urachus,  which  goes  from  the  bladder  of  the 
fcetus  to  the  navel,  between  the  umbilical  arteries 
but  it  ieems  to  be  of  no  ufe,  as  it  does  not  ccHn- 
municate  with  the  bladder. 

The  umbilical  vein,  after  it  has  entered  the  bodf 
of  the  foetus,  divides  into  two  branches,  one  of  which 
enters  the  vena  portarum  to  be  diftribured  in  the 
liver  5  the  qdier,  which  is  called  the  dudus  vcno- 
fus,  carries  its  contents  to  the  left  vena  cava  hepads, 
which  terminates  in  the  great  vena  cava  i  and  that 
part  of  the  blood  which  paflcs  through  the  liver 
alio  arrives  at  the  vena  cava.     From  the  vena  cava 
the  blood  pafles  into  the  anterior  auricle^  whence 
there  is  a  {>aflage  into  the  poflerior  auricle^  whidk 
is  clofed  up  after  birth,  but  which  now  corns  the 
greater  part  of  the  blood  received  by  the  anterior 
auricle,  from  the  anterior  to  the  poflerior  cavitiesof 
the  heart.     A  confiderable  quantity  of  blood,  how- 
ever, notwithflanding  this  paf&ge,  does  pals  into  die 
anterior  ventricle  5  but  all  the  blood  which  is  re- 
ceived by  the  anterior  ventricle  is  not  fcnt  to  the 
lungs,  which  before  birth  arc  too  much  condenfed  to 
tranfmit  fo  large  a  quantity  i  part  of  it  is  turned 
afide  by  a  veflel  called  the  duftus  ^rteriofus,  which 
pafTes  from  the  pulmonary  artery  to  the  aorta*  Thus, 
l>efides  the  blood  which  efcapes  paiTing  through  the 
lungs  by  means  of  the  pafTagp  from  the  anterior  to 
the  poftcrior  auricle,  a  fecond  portion  eicapes  by  the 
vefTcl  which  leads  from  the  pulmonary  artery  to  the 

aorta. 
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Aorta,  fo  that  perhaps  not  more  than  a  lixth  part 
of  the  blood  which  pafles  through  the  reft  of  the 
body  paffcs  through  the  lungs  before  birth,  whereas, 
after  thefe  paflages  Are  clofed,  every  drop  which  is 
circulated  in  the  body  mufl:  neceflarily  circulate  alfo 
through  the  lungs.     Thefe  paflages,  jvhich  are  pe- 
culiar to  the  foetus,  from  caufes  not  afcertained, 
dole  up  very  quickly  after  birth.     The  blood  is 
returned  from  the  feetus  by  the  arteriaeumbilicales, 
which  are  the  internal  iliac  arteries  of  the  adult, 
but  which  in  the  foetus  pafs  out  a£  the  navel,  and  are 
continued  to  the  placenta. 

The  foetus,  which  in  the  early  periods  of  gefta- 
tion  was  2dmoft  all  head,  is  ftiU  at  the  time  of  birch 
'  of  very  different  proportions  from  thofe  of  the 

advdt  body ;  the  head  is  remarkably  large,  and  the 
^  ,  lower  extremities  remarkably  fmall.  The  growth 
i  of  the  foetus  in  the  uterus  is  by  no  means  uniform. 

t  The  weight  of  children,  when  born  at  the  full  time, 

varies  from  fbmeching  mott  than  four  pounds  to  a 
I  litde  more  thaii  eleven.     By  far  the  greater  num- 

(  bcr  weigh  from  five  to  eight  pounds,  avoirdu* 

J  pois.     At  the  end  of  the  third  month,  the  bulk  of 

i  the  foetus,  with  the  membranes  and  placenta,  is  very 

(  incoafiderable,  as  is  feen   in  abordbns,  which  are 

t  moft  frequent  at  this  period  of  geftation.     During 

j  the  courfe  of  the  fourth  month  the  uterus  becomes 

I  too  large  to  remain  within  the  pelvis,  and  rifing 

,  into  the  abdomen,  gives  Tome  flight  degree  of  pro- 

tuberance. The  foetus  now  incrcafcs  much  fatter 
I  than  before ;  but  the  principal  part  of  its  growth  is 

,  performed  during  the  three  laft  months  of  geftation, 

I  when  the  uterus  at  length  rifes  as  high  as  the  fto^ 

I  G  g  4  mach. 
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mach>  prefling  the  inccftines  towards  die  back- 
bone. The  diftended  uterus  is  now  ftimulated  to 
contradion,  and  the  pains  of  child-birth  are  fuc- 
ceeded  by  the  efiufk>ns  of  maternal  fondness. 

It  appears  fro;ii  a  very  accurate  rcgifter,  kcp 
in  the  Lying-inn  Hofpital  at  Dublin,  that  the  pro- 
portion of  children,  is  about  nine  males  to  d^ 
females  i — children  dying  under ^/^^»  days  oh^di 
cne  to  about ^4f  and  an  half\ — children  ftill-bom,is 
^ne  to  twenty  ;^— women  having  twins,  as  onv  to 
fixty  i**-r-women  dying  in  child- bed,  as  cfnt  to  about 
tighty-fcom. 

There  is,  however,  a  greater  mortality  of  tvak 
children,  owing,  as  Dr.  Clarke  (uppofes,  to  their 
greater  fize,  and  particularly  to  the  fize  of  t&e  Aeic^ 
which  becomes  injured  in  parturition,  and  ooofe- 
quendy  alFefts  the  health ;  and  the  proportion  is  re- 
duced to  quite  equal  before  the  age  of  pubeity. 
^  If  every  mother  in  a  great  city  w^as  obliged  to 
fuckle  her  own  child,  the  proportion  wouJd  htm 
good  nurfe  in/u^;  and  in  the  country,  not  m  ba^ 
nurfe  in  ten*. 

•  CUrts  ObfcrvatioDs,  Phil.  Tr.  76. 
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Chap-  XLIII. 


THE  GROWTH  AND  DECLINE  OF  THE  BODY, 

'  Jucnafe  of  the  Body  hefon  and  afitr  Birth. — Dijproportion  of  the 
Parts  decreqfis  nuith  Gr^th»-^IFhat  Farts  firfi  cea/e  to  increafe 
in  Sisie.'^Touth.'^Masibood.'^Firft  Symptoms  of  Dedine.-^At 
nvbat  Period  old  Jgt  generally  eommences. '^Symptoms  of  Jge.^^ 
Qaufes  'why  the  Human  Frame  caimot  he  of  long  Durotien* 

FROM  the  time  of  conception  till  birth,  the 
growth  of  the  body  proceeds  in  an  accelerated 
pr  increafing  proportion,  that  is,  the  growth  in  die 
fixth  month)  for  inftance,  is  greater  in  proportion 
(han  in  the  fifth;  from  birth  till  manhood  it  is  gra- 
dually lefs  and  lefs,  in  other  words,  the  growth  of 
the  fecond  year  is  lefs  in  proponion  than  that  of  the 
preceding,  and  fo  of  all  the  fucceeding  years. 

The  reafon  commonly  afligned  for  the  latter  of 
jhefe  fads  is,  that  the  fibre  becoming  lefs  diftcnfi- 
ble  from  an  jnqreafc  of  folidity  as  we  advance  in  age, 
our  growth  is  confequently  lefs  rapid.  But  if  the 
rapidity  of  growth  was  proportioned  to  the  laxity  of 
U^bre,  the  fcetu»  ought  to  increafe  moft  rapidly  imme- 
diately after  conception,  and  more  (lowly  as  its  tex- 
ture becomes  more  firm.  The  contrary  of  this,  how- 
fjvfer,  is  found  to  be  the  fad,  fince,  in  the  early  pe- 
niods  of  geftation  the  increafe  of  the  foetus  is  very  flow, 
and  its  growth  is  continually  accelerated  till  the  birth. 
From  this  fta;^m?nt  it  myft  be  concluded,  that 

laxity 
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laxity  of  fibre  is  only  one  among  other  caufes  whic& 
favour  the  increafc  of  the  body.  As  the  hodj  ad- 
vances in  growth,  its  dilproportions  are  gradi^T 
loft ;  the  head"  increafcs  more  flowly ,  and  the  la w^r  ex- 
tremities with  more  rapidity*  The  head  indeed  ccalcs 
to  grow  much  fboner  than  the  other  parts  5  for 
thefe,  and  particularly  the  thorax^  fecm  to  gain  lizc 
and  ftrength  for  feveral  years  after  the  head  has  ar- 
rived at  its  utmoft  dimenfions. 

At  the  age  of  fifteen  or  fixteen  yearsj  (booer  is 
females  than  in  males,  and  fboner  in  warm  couimies 
than  cold,  the  figns  of  puberty  begin  to  mantfeft 
themfelves,  and  feveral  changes  now  take  place 
in  the  body,  which  it  would  be  improper  to  ftate. 

When  the  body  has  attained  its  full  growth  and 
ftrength,  it  does  not  immediately  decline,  but  re- 
maips  in  a  ftate  of  nearly  equal  vigour  till  between 
forty  and  fifty  years  of  age.  At  this  time  the  body 
begins  fenfibly  t6  lofe  its  agility,  and  the  ap« 
proaches  towards  old  age,  which  had  hitherto  been 
infcnfibly  going  on,  now  begin  to  manifeft  them- 
felves. 

But  though  the  body  has*  now  loft  confideraWy 
of  its  agility,  yet  in  perfons  of  good  conftitudons, 
and  who  have  not  been  remarkably  intemperate, 
its  ftrength  remains  pretty  entire.  After  the  age 
of  fifty,  however,  the  decline  of  body  bea>me& 
piuch  more  apparent  j  there  is  no  longer  thatfpring 
and  vigour  of  motion ;  and  labour  becomes  more 
irkfome  and  painful.  From  the  age  of  fixty  to  that 
of  feventy  the  health  is  frequently  pretty  good,  but 
the  ftrength  fails  confiderably.  Thrccfcore  and  ten 
years  is  the  age  of  man  ^  and  though  there  maybe 

feme 
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fome  remarkable  inftances  to  the  contrary,  yet,  in 
general,  exiftcnce  protraftcd  beyond  this  period  is 
forrow.and  mifery. 

In  the  whole  progrefs  of  life  the  body  is  conti- 
nually becoming  lefs  vafculan  The  vivid  bloom 
of  youth,  which  is  owing  to  the  ramifications  of 
minute  arteries  in  the  Ikin  of  the  cheeks,  fubfidcs 
into  the  moderate  hue  of  middle  life,  and  this  into 
the  wrinkled  and  fhrunk  appearance  of  old  age. 
Similar  changes  are  taking  place  in  other  parts  of 
the  body,  and  the  coats  of  the  arteries  gradually  be- 
coming thicker  and  ftronger  with  refpeft  to  thofc 
of  the  veins  j  thefe  latter  become  more  diftended, 
and  the  livid  hue  of  venous  plethora  fucceeds  to  the 
vivid  tint  of  the  arterious.  A  difpofition  to  foli- 
dity  invades  the  body  in  the  progrefs  of  life,  and 
that  which  in  the  child  was  pliant  cartilage,  becomes 
in  the  old  man  brittle  bone. 

The  quantity  of  earth  in  the  compofition  of  the 
different  parts  of  the  body  is  continually  incr^afing; 
the  myfclcs  become  infenfibk?  to  the  ufual  ftimuli  i 
the  vigour  of  the  circulation  is  diminiJhed  j  and  in 
the  few,  the  very  few,  who  efcape  the  numerous 
pitfalls  of  difeafe  and  accident,  this  rigidity  and 
infenlibility  increafing,  neceffarily  puts  an  end  to 
exiftence. 

That  modern  difcoveries,  or  the  improvement  of 
the  medical  art,  fhould  be  able  to  protraft  for  any 
jponfiderable  period  our  mortal  exiftence  is  a  no- 
tion that  will  only  be  entertained  by  thofe  who  are 
ignorant  of  the  phyfiology  of  the  animal  frame,  and 
indeed  of  every  other  branch  of  fcience.  It  is  the 
natural  confequci)ce  of  extenfive  knoiyledge  to 

abate 
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'abate  our  confidence;  while  impudence^  dognnatiini, 
and  vain  and  vifionary  fpecuJation,  are  the  gcnulic 
offspring  of  ignorance.  Medical  (kill  may  indeed  be 
fiiccefsfully  applied  in  occafionally  arrcffing  the  pio- 
grcfs  of  thofe  difeafes,  which  might  othcrwife  prema- 
turely interrupt  our  mortal  career ;  yet  even  in  thcfc 
infbnccs,  thofe  who  have  ftudied  moft,  and  pradifcd 
moft,  will  be  the  moft  fenfible  of  the  imporenaof 
human  knowledge  in  this  important  art  \  but  he 
who  is  at  all  acquainted  with  the  delicate  airffa- 
gile  texture  of  the  human  frame  muft  be  abundantly 
fenfible,  that  it  is  a  fabric  which  was  not  meant  to 
endure  for  ever. 

In  the  gradual  decline  of  life,  to  which  all  muft 
fubmit,  let  us  earneftly  embrace  that  confekfoii 
which  religion  affords  us.  That  which  Iweetened  the 
cup  of  death  to  Socrates  is  through  life  the  cordial 
of  the  chriftian  i  it  is  a  confideration  that  will  mo- 
derate profperity,  and  will  deprive  adverfity  of  its 
moft  poignant  forrows  j  it  will  cheer  us  in  Jifti 
and  at  the  hour  of  death  it  is  the  only  drcumftancc 
that  can  impart  a  ray  of  comfort  to  the  human 
ibul. 


Book 
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Chap.    I. 


OF  THE   STUDY   OF  THE  HUMAN   MIND. 

Our  KniywUdge  of  Mind  limited. '^Ccnfufid  hy  Metaphyficsj*^ 
Flan  of  this  Inquiry.^^Tht  Firft  Part  refptds  the  Inftrunumti 

j  and  Modes  of  ASion  of  the  Human  Mind.'-^The  Second^  the 

Springs  or  aQinje  Po^jjers.'^^Tbe  Third,  the  mod  important 

'  ^eftions  in  Morals,  t^c. 

:  •  . 

i        "  T7'  NOW  thyfelf,"  is  a  faying  of  great  anti- 

Xx.  quity,  and  an  author,  whofe  fentiments  are 

I         dcfcrvcdly  converted  into  maxims,  has  aflerted,  that 

I         **  the  proper  ftudy  of  mankind  is  man."   It  is,  how- 

[         ever,  a  circumftance  fufficicnt  to  mortify  the  pride 

of  reafon,  that  even  on  the  fubjcdt  moft  interefting 

to  us,  we  muft  be  content  with  a  limited  portion 

of  knowledge  j  we  muft  not  extend  our  expefta- 

rions  too  far.  Even  with  relpe6t  to'  oar  own  minds. 

there  arc  forae  points  which  appear  to  be  removed 

beyond  the  reach  of  our  refearchcs,  while  others 

are,  perhaps  unneceflarily,  involved  in  doiibt  and 

difputation.     It  is  unfortunate  indeed,  that  in  no 

branch  of  fcience  whatever  the  imagination  has 

more  wantonly  fported  than  in  this ;  in  no  fcience 

have  men  appeared  fo  defu*Ous  9f  defcrting  the  only 

fure 
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fure  guide^  experience ;  in  no  inftance  has  it  been 
thought  proper  to  rcfort  lb  litdc  to  proof  and  ob- 
lervation>  or  to  attribute  fo  much  to  conjedure  and 
theory.  ^ 

Metaphyfical  fubtleties>  and  hypothefes  carried  to 
a  vifionary  extreme,  have,  therefore,  grcady  contri- 
buted to  confufe  this  branch  of  knowledge;  though 
when  extricated  from  thefe,  I  apprehend  full  as 
much  is  known  in  this  fcience  as  in  any  other,  and 
perhaps  more  than  in  moil.  On  this  account  I 
Ihall  carefully  avoid  all  thofe  difputed  points  con- 
cerning identity  and  diverfity,  exiftence,  infinity,  &c. 
that  have  divided  the  learned  fix>m  time  to  dme. 
I  confider  them,  in  truth,  as  utterly  foreign  to  my 
purpofe,  and  as  tending  to  cftabliih  no  one  ufefiil 
principle.  It  will  be  unneceflary  alfo  to  examine 
the  origin  of  our  ideas,  or  to  enter  into  nice  difqm- 
Ccions  concerning  fpace,  duration,  &c.  &c.  as  fuch 
inquiries  are  certainly  more  curious  than  ufeful.  I 
fhall  further  avoid  all  fanciful  theories  re(pe£fcing 
the  nature  of  our  perceptions.  Some  of  them,  I 
confefs,  are  plaufible,  but  I  rather  chufe  to  lay  the 
ground  work  of  my  reafoning  onadlual  experience! 
let  thofe  who  fo  incline,  extend  at  their  leifure 
their  refearches  further. 

That  fcheme,  which  reduces  human  nature  to 
the  feweft  principles,  if  thefe  can  be  demonftrated 
adequate  to  every  moral  efFeft,  is  moft  fatisfadory 
to  the  rational  inquirer.  The  more  of  nature  we 
difcover,  the  more  (imple  (he  appears  in  her  opera- 
tions :  it  is  unphilofophical  unneceflarily  to  muldply 
caufes.  It  is  evident,  for  inftance,  that  there  exifts 
in  men  a  reli(h  for  beauty,  as  wcUas  for  moral  ex- 
cellence, 
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ccLence,  and  an  antipathy  td  vice  and  defbrmity. 
But  how  are  thefe  affeftions  generated  ?  It  is  an  in- 
dolent method  of  philofophizing  to  (lop  at  whatever 
is  not  eaiily  undcrftood.  Final  caufes  and  inherent 
in(ltn£fc  have  faved  the  labour  of , many/ a  painful  in« 
veftigation. 

With  refpeft  to  the  aftual  exiftence  of  innate 
ideas  or  principlesj  the  reader  will  perceive  that  I 
am  not  anxious  to  renew  the  controverfy.     Innate 
ideas,  I  believe,  have  been  in  general  given  up  by  . 
philofophers  fince  the  time  of  Mr.  Locke.  Amoral 
principle  has,  indeed,  been  contended  for  by  fome 
writers'  of  the  higheft  reputation,  as  being  in- 
nate in  man.  It  may  be  confidered  either  as  a  fixth 
fenfc,  as  fomething  infeparable  from  the  foul  or 
mind  of  man,  or  as  a  general  inftindlive  refult  of 
his  mental  organization.    I  muft  obfcrve,  however, 
that  the  exiftence  of  fuch  a  principle  has  never  yet 
been  fatisfaftorily  proved,  though,  on  the  contrary 
it  is  not  eaiy  to  difprove  it ;  I  (hall,  therefore,  as 
much  as  poflible,  avoid  the  controverfy,  and  endea- 
vour,  asfar  as  obfervation  enables  us,  to  account 
for  the  operations  of  our  mmids  in  the  (impleft  and 
eafieft  manner,  and  to  have  as  little  recourfe  as 
poQible  to  principles  which  are  involved  in  doubt 
or  obicurity. 

The  elementary  part  of  this  book  will  naturally 
divide  into  two  branches.  The  firft  part  will  ex- 
tend to  the  end  of  the  eighth  chapter,  in  which  I 
ihall  endeavour  to  explain  the  inftruments  and  the 
modes  of  a£tion  of  the  human  mind.  The  fecond 
will  extend  from  the  ninth  chapter  to  the  thirteenth, 
*  in  which  the  Ipriogs  or  incentives  that  produce 
if  aflion 
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action  in  the  mind^  and  influence  its  moveincntSy  wiB 
be  examined* 

The  niaterials>  tipon  whiah  the  human  mind  b 
principally  to  aft,  are  the  traces  or  veftigcs  left  bf 
external  impreflions  on  the  five  fenfes.  Of  theic  a 
fimple  efFcft  on  any  one  fenfe  produces  what  is  calkd 
zfimpU  idecy  the  word  idea  fignifying  an  image  or 
reprcfentation  in  the  mind  of  an  a£tion>  quality,  or 
ienfation ;  thus  white  and  fvoeet  are  fimple  ideas. 

An  idea,  compounded  of  feveral  fimple  ideas,  is 
called  a  complex  idea,  as  man,  hoiie,  tree,  &c. 
which  are  evidently  compounds  of  a  number  of 
fimple  ideas  of  figure,  colour,  folidity,  &c.  and 
fbmetimes  for  dillind  ion's  fake,  when  many  cowipiae 
ideas  are  compounded  in  one,  the  dilciples  of  Mr* 
Locke  call  it  a  decomplex  idea^  as  homicide. 

ImprefTions  on  the  fenies  are  often  fo  entwined 
or  aiToctated  together,  that  the  idea  of  the  one  (hall 
not  be  recoUeded  without  that  of  the  other.  This 
jun£tion  happens  when  two  impreffions  are  made 
on  the  fenfes  at  the  fame  time  ;  thus  the  wbilatefs 
and  roundn^s  of  a  globe  may  be  aflociated ;  the 
form  and  the  found  of  a  mufical  inftrument ;  the 
name  with  the  thing,  fb  that  on  the  fight  of  die 
thing  or  objeft  we  immediately  recolle&  the  name. 
Ideas  may  aflbciate  with  imprefiTions,  if  an  imprcf* 
fion  is  made  on  any  of  the  fenfes,  while  an  idea  is 
predominant  in  the  mind.  Thus  the  fight  of  a  par^ 
ticular  place  will  often  recal  fome  interefting  traia 
of  thought,  that  may  have  been  entertained  there* 
When  I  fpeak  of  ideas  being  afibciated,  connected, 
combined,  &c.  I  would  be  un^erftood  of  the  fame 
thing,  viz.  the  implcxioA  or  jun^on  of  ideas  thus 
explained. 

The 
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The  retention  of  ideas  in  the  mind  is  called  me-- 

tnory.  The  aft  of  combining  old  ideas  into  new  ones, 

in*vention^  and  frequently  imagination  or  fancy.  The 

adfc   of  examining  and  comparing  them  judgment. 

Under  thefe  heads  I  propofe  explaining  the  primary 

operations  of  the  mind,  and  thele  will  conftitute  the 

firfl:  part  of  the  prefent  inquiry. 

-    The  fecond  part  of  this  book  will  confift  of  an 

inquiry  into  the  common  fprings  of  aftion  in  the 

mind.     Thefe  I  fliall  endeavour  to  prove  to  be 

ultimately  the  fenfes  of  pleafure  anJ  pain.     Love  is 

the  idea  of  pleafure,  combined  with  fome  other 

ideas  it^^/r/f^  the  idea  of  pain,  combined  in  the  fame 

manner.     Defire  and  ave'rjion  are  afHvc  Iqvc  and 

hatred  *. 

The  third  part,  which  extends  from  the  thirteenth 
chapter  to  the  conclufion  of  the  work,  will  confift  of 
the  application  of  thefe  principles  to  the  inveftigation 
of  fome  curious  fubjefts,and  to  the  theory  of  morals. 
This,  as  it  is  the  moft  extenfive  part  of  the  fubjeft, 
is  neccflarily  the  moft  imperfeft,  and  the  chapters 
that  conftitute  this  part,  are  rather  exhibited  as  con- 
firmations of  the  preceding  principles,  than  as  a 
cqmplete  fyftcm. 

•  TYit  natural  appetites  of  man  are, 

ill.  The  pommon  call  oi  nourifiment  for  the  body,  2d.. 
The  dcfirc  of  propagating  the  (pedes. 

The  natural  pleafbres  of  man  are, 

id.  The  fatisfying  of  thefe  appetites,  ad.  The  general  plea« 
fure  refulting  from  the  moderate  and  proptr  exeKife  of  the 
•rgans  or  faculties. 
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Chap.    IL 

OF    PERCEPTION. 

Tie  Senjes  the  great  Source  'of  Information.^'^Diftinciion  betikeen 
Ssn/ation  and  Perception.'^Senfes  correQ  each  other, — Hl^ether 
the  fame  ohjeds  produce  Jimilar  P eft eptloHS  in  different  Min,^^ 
Ideas, 

THAT  the  mind  is  obliged  to  the  fenfcs  for 
the  great  mafs  of  its  information,  is  now  an 
cftablifhed  principle.  The  proofs  of  this  do6trine 
I  (hall  decline  entering  upon  for  reafons  already 
affigned.  I  would  only  obfcrve,  Firft,  That  I  do 
not  fee  why  we  are  furnifhed  with  fcnfes  by  the 
author  of  nature,  if  not  for  this  purpofc.  Secondly, 
The  fenfes  feem  endriely  adequate  to  all  the  inform- 
ation we  are  pofleffed  of.  Thirdly,  Perfons  want- 
ing any  of  the  fenfes  appear  entirely  deftitute  of  the 
ideas  of  that  fenfc.  A  gentleman,  blind  from  in- 
fancy, affured  me,  he  never  remembered  to  have 
experienced  in  a  dream  any  thing  like  what  the 
fenfe  of  feeing  is  dcfcribed  to  be.  Nay,  thofc  who 
have  all  the  fenfes  complete,  derive  plainly  their 
knowledge  from  the  exercife  of  them.  A  child 
does  not  fhrink  from  a  candle  till  it  h^  felt  the 
painful  fenfation  of  burning,  or  is  warned  againft  it 
in  terms  exprefling  pain,  of  which  it  forms  a  judg- 
ment from  pain  already  experienced. 

A  very  proper  diftindion  is  made  by  Dr.  Stuarr, 
between  fenfation  and  perception.  Senfation  Im- 
plies "  that  change  in  the  ftatc  of  the*  mind  which 

is 


Chap.  2.]         Sen/htion  and  Perception.  467 

is  produced  by  an  imprcflibn  upon  the  organ  of 
lenfe  j  of  which  change  we  can  fuppofe  the  mind  to 
be  confcious  without  any  knowledge  of  external 
objefts.  Perception  exprefles  that  knowledge  we 
obtain,  by  means  of  our  fenfations  of  the  qualities 
of  matter  V 

t  Senfations  may  be  communicated  from  with- 
out j  I  ft.  by  adtual  contaft  with  the  objeft  itfelf; 
adly,  by  the  intervention  of  fome  medium  :  and  ic 
amounts  to  the  fame,  whether  we  perceive  the  qua- 
litics  of  bodies  by  a  communication  with  the  bodies 
thcnifelvcs,  or  by  the  efFefts  which  they  uniformly 
produce  on  fome  medium  which  communicates 
with  our  fenfes.  Thus,  when  we  fee  a  body  wbitet 
we  do  not  fay  that  the  light  is  perceived  by  our 
fenfes,  but  the  whitenefs  of  the  body,  or  that  pro- 
perty in  the  body  which  fo  difpofes  the  rays  of  light 

as 

•  Outlines  of  Mor.  Phil.  p.  21,  21. 

t  The  different  fenfes  by  whole  operation  we  difccrn  the  qaa- 
lities  of  external  obje6is,  haye  been  already  ftated  to  be  five  in 
number.  Touching,  tailing^  fmelling,  hearing,  and  fight. 
They  may  perhaps  all  be  refolved  into  that  ^f  feeling ;  yet  the 
difttndion  is  correal,  as  they  are  certainly  different  inffruments 
of  feeling  or  perception.  In  thofe  of  touching  and  taffe  an  adlual 
concad  with  the  body,  which  is  the  obje£t  of  the  fenfe,  is  re- 
quifite.  In  the  others  the  fenfation  is  effefled  through  the 
operation  of  fome  medium.  Thus  fight  is  in  reality  the  effed 
of  the  rays  of  light  upon  our  optic  nerve ;  found  is  a  vibra* 
tion  of  the  air,  which  affe^s  the  organs  of  hearing ;  and  fmell 
depends  upon  the  emanation  of  certain  particles  from  a  body, 
which  a6l  upon  the  organ  of  (bent.  ' 

That  fome  fenfes  are  more  acute  in  certain  animals  than  in 

others*  is  an  obvious  fa£k.    The  power  of  fmelling  in  focae  of 

the  caninei  fpeciei  h  beyond  any  thing  that  we  are  able  to  con* 

Hh2  wvc 
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as  to  afibrd  v^s  the  perception  or  idea  of  tohiu^. 
When,  therefore,  we  fpeak  of  fmdls^  taftes,  colow^ 
founds,  we  mean  that  certain  effedks  are  uni- 
formly wrought  upon  our  fenfes  in  certain  circum- 
(lances,.  and  to  the  unknown  catiies  we  aflign  thde 
names. 

The  information  of  the  (enfes  is  the  laft  rdort 
of  human  leafon  ;  I  mean  their  joint  informadoiv 
for  it  appears  they  correft  6ach  ochen  It  has  bees 
already  dated,  that  the  judgments  we  forai  of  ma- 
terial things  are  not  fb  much  the  effed:  of  an  im- 
prelTion  on  any  one  fenfe  as  of  thofe  of  kang  ^ai 
feeling  comttned  f .  Simple  impreflions  or  pcr- 
ceptbns  are  not  to  be  dcBoed,  nor  do  they,  iftun 
.that  agreement  and  analogy  which  exifts  between 
the  fenfes  of  all  mankind,  require  definition. 

It  is  of  no  confequence  whether  the  fenfes  ofdi^ 
ferent  men  perceive  exaftly  alike^  though  it  is  pro* 
bable  there  is  not  much  difference  in  this  icfpci* 
It  is  of  no  confequence,  whether  one  man  fees  ob- 

ceive.  Cats  and  owls  have  undoubtedly  a  power  of  Tedns 
with  a  much  fmaller  portion  of  light  than  any  homn  to'f' 
It  is  probable  that  in  different  men  fome  (en&s  my  beooi^ 
acute  than  others. 

•  There  is  undoobtcdly  fomething  in  objeds  whkli  cxdw 
fenfations,  but  the  fenfetions  themfclycs  cannot  extt  mdc^ 
a  fubjea  on  which  to  aft.  The  difputcs  therefore  of  lAiI<*- 
phers»  whether  fmells  arc  in  the  nofc  or  in  thepcrfyo^^ 
ibells  them.  Ice.  Sec.  are  merely  /#/mr  c^m;^^^ 
mud  be  a  union  of  caufes  to  produce  foch  cffcA.  Soci  orf- 
putes  may  fervc  to  exercife  the  humaii  fiicuWet,  hot  twf 
undoubtedly  make  no  additioil  to  'our  fiodc  of  Tt$i  ^^'^ 
ledge. 

t  See  Book  9.  c  37.  •  '       ;<A 
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je6ts  larger  than  another,  or  whether  the  ramecom- 
pofition  affords  to  each  precifely  the  fame  tafte  or 
fmell.  We  communicate  our  ideas  of  fenfations 
by  the  help  of  relation  j  we  call  a  thing  fmall  when 
'  compared  with  another ;  we  call  the  tafte  of  a  cer- 

tain viand  fwcet,  or  a  found  grave  or  deep,  and  we 
'  have  nothing  further  to  do  to  be  clearly  underftood^ 

'  than  to  mark  the  proportionate  differences  and 

'  relations. 

f  It  is  to  be  remarked,  diatall  objefts  that  prefent 

i  themfclves  to  our  fenfes  do  not  make  fuch  impref- 

\  fions  as  to  leaVe  ideas  behind  them.     Many  times 

i  the  mind  is  too  much  engaged  with  one  train  of 

\  thoughts  to  admit  another.    An  imprcffion  or  fen- 

1  lation  being  perceived  by  the  mind,  the  trace  or 

I  veftige  it  leaves  behind  is  called  an  idea. 

I  Whether  the    mode  of  conveying  perceptions 

from  the  fenfes  to  the  underftanding,  is  by  a  vibra- 
!  tory  motion  of  the,  nerves  *  or  by  any  other  means, 

I  is  of  no  confequcnce  to  the  prefent  inquiry.     It  is 

fufficient  to  fay,  that  the  fenfes  are  firft  affe^ed 

by  external  objects,  that  thefe  impreflions  leave  be- 
\  hind  them  veftiges  which  are  called  ideas,  and  from 

the  natural  or  voluntary  combination  of  two  or  more 

of  thefe,  a  new  idea  may  be  formed. 

•  Such  is  the  theory  of  the  ingenious^  but  vifionary  Hartley. 
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Chap.     III. 

OF    IDEAS. 

Ideas  of  SeiifaMiem  and  Re]Uxi9n.,^^impU  ami  atrnfUx-^'^Mmias 
and  Zvbfimmcts^ 

IDEAS  being  the  images  of  impreflionsy  want 
their  force  and  vivacity,  ift.  Ideas  of  feniaticMi 
arc  the  mere  reprefentations  of  effe^  wropght 
on  the  fenfes.  adly.  We  give  names  to  the  par- 
ticular adions  of  our  own  miods^  as  perception^ 
thinking,  doubting,  reafoning,  and  thefe  Mr.  Lockr 
calls  ideas  of  reflexion  ♦. 

It  Js  probabk  many  of  our  firft  ideas  arc^  com* 
plcx,  that  is,  the  refult  of  fcveral  fenfarions  comhinc^ 
or  united  together,    A  child  will  hardly  diftinguifh 
between  die  figure  and  colour }  asT  in  a  glafs  globe, 
it  will  have  the  idea  of  the  globe  itfelf,  before  it  will 
diftipguilh  between  the  roundne(s  and  the  bright- 
nefs  of  which  it  is  compounded ;  they  arc  ncvcr- 
thelcfs  as  diftinft  ideas  as  fwectnefs  and  bardnefs, 
which  may  exift  in  the  lame  fubftance,  and  one  of 
them  not  be  perceived  as  united  with  the  othcr- 
**  Though  the  hand  feels  foftnefs  and  warmth  in 
the  fame  piece  of  wax,  yet  the'fimpfe  ideas  in  the 
fame  fubjeft  arc  as  perfeftly  diftbft  as  thoie  that 
come  in  by  diftind  fenfes/*     Simple  ideas  will  be 
recolkfted  in  objefts  diflfering  in  every  refpc6l  but 
that  one,  from  thofe  by  which  we  originally  re- 

•  Locke>  B.  2.  c«  2. 
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ceived  thein;    Though  a  horle,  for  inftance,  may 

poffefs  no  obvious  quality  in  common  with  a  book^ 

.  but  that  of  external  colour,  as  blacknefs,  yet  that 

quality « will  be  recollcfted  to  be  the  fame  in  both  i 

and  thus  we  learn  that  colour  is  not  the  neceffary 

concomitant  of  figure,  by  finding  the  lame  colour 

united  with  different  figures  i  and  in  the  fame  man- 

^  ner,  probably,  we  learn  to  disjoin  all  thofe  fimple 

ideas  that  enter  by  the  fame  fenfe,  as  folidity  and 

-warmth,  &c.  &c  ♦. 

All  our  ideas  of  fubftances  are  complex,  and  arc 
compounded,  of  the  various  fimple  ideas  jointly 
imprcffed,  when  they  prefented  themfelvcs  to  our 
ienfes.  We  define  fubftances  only  by  enumerating 
thofe  fimple  ideas  j  and  fuch  definidons  may  fome- 
times  produce  an  idea  tolerably  clear  of  the  fub- 
ftancc,  in  the  mind  of  one  who  never  immediately 
perceived  the  fubftancc  itfelf ;  provided  he  has  fe- 
parately  received  by  his  fenfes  all  ^tftmple  ideas ^ 
which  are  in  the  compoficion  of  the  compleij  one 
of  the  fubftance  defined  f. 

Words  reprefenting  complex  ideas  do  not  al- 
ways precifcly  excite  the  fame  idea  in  difl'erent  per- 
fons.  *   Some  of  the  fimple  ideas  may  have  made  a 

•  The  moft" enlarged  underftanding  cannot  frame  one  new 
fimple  idea ;  nor  by  any  force  dellroy  thofe  that  are  there." 

Locke, 

f  The  word  fubHance  generally  applied,  means  no  more 
than  the  fappofed,  but  unknown^  fupport  of  thefe  qaalides, 
which  are  capable  of  producing  fimple  ideas  in  us.  The  ' 
ideas  of  particular  fubilances,  are  cpmpofed  from  fach  combi- 
nations of  fimple  ideas  as  arc  obferved  to  exift  together,  and 
fuppofed  to  flow  from  its  particular  internjd  conflitution. 
Locke,  B.  2.  c.  28. 
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stronger  imprellion  on  one  man  thim  another,  and 
fomc  may  have  totally  efcaped  bioi.     The  wri 
mm  will,  with  a  painter,  call  to  mind  ieyeral  mi- 
nute circumftances   in   the  external    appearaixxi 
with  an  anatomift  the  (keleton,  nerves^  &c.  will  haid- 
ly  efcape  aninnadverfion  \  with  a  metaphyiiciao^die 
mind,  or  more  properly  the  modes  of  a&ingi  die 
powers  and  Acuities  will  be  recolle^d.     In  a& 
complex  ideas,  however,  which  are  the  immcdiia 
obje6b  of  fenfe,  and  which  are  not  decomplex,  or 
compofed  of  fucceffive  impreflionss  rbe  moic  ob- 
vious qualities  will  ferve  to  mark  the  idea,  and 
idendfy  it  to  every  man ;  as  the  idea  Iwje^  trtit  &t. 
can  never  be  differendy  apprehended.     It  is  <»fier- 
wile  with  more  abftrai£fc  and  remote  terms  j  the 
word  virtue  may  be  very  widely  conceived  of  67 
different  perfbns>  as  the  cuftoms  of  their  couotno^ 
the  courfe  of  their  fhidies,  or  their  turn  of  thinking 
may  determine  \  hence  in  all  arguments,  coins 
ihould  be  minutely  defined. 

All  complex  ideas  are  combinations  of  fiai]^ 
ideas  affbciated  together^  as  will  be  explained  in  the 
chapter  of  aflbciation. 

Befides  this  divilion  of  ideas  into  fimplc  2Jx1 
complex,  metaphyficians  have  adopted  others,  which 
it  may  be  of  fome  ufc  briefly  to  explain  *.  A  pn/i- 
cipal  divifion  is  into  fubftances  and  modes,  that  iS) 
modifications  of  matter  or  forms  of  exiftence. 

Hence  follows  a  divifion  of  modes  into/«p 
and  mixed  modes.  Simple  modes  of  duratim  ^ 
whatever  diftincb  ideas  we  have  of  ^nyp^tsofk 
as  hours,  days,  &c.  &c.     Simple  modes  of  «^*^> 

•  Sec  Locke>  B.  z. 
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arc  white,  blue,  &c.  &c.  Simple  modes  of  /pace  arc 
any  particular  lengths  of  it,  as  an  inch,  a  foot,  &c. 
Simple  nnodes  of  motion^  are  Aiding,  walking,  &c. 
It  would  be  ufelefs  to  enter  into  any  more  particu- 
lars of  this  kind,  as  tbefe  diftin^lions  are  pointed  out 
rather  with  a  view  to  the  works  of  others  than  to 
the  prefent  treatifc.  I  would  wifh  to  obferve,  that 
the  general  terms  colour^  fpace^  &c.  do  not  furni/h 
any  diJiinS  idea ;  we  can  have  "no  clear  idea,  but  of 
a  particular  colour,  &c,  as  will  be  explained  when  I 
come  to  fpeak  of  words. 

Mixed  modes  are  defined  by  Mr.  Locke  to  be 
*^  fgch  combinations  of  fimplc  ideas,  as  are  not 
looked  upon  to  be  the  charafteriftical  marks  of  any 
real  beings  that  have  a  fteady  exiftence;  but  fcattcred 
and  independent  ideas,  put  together  by  the  mind, 
are  thereby  diftinguifhed  from  the  complex  ideas  of 
fubftances  *,*'  fuch  are  bypocrify^  drunkennefs^  &cc. 
The  ideas  of  mixed  modes  are  acquired  firft  from 
experience  ;  as  by  feeing  two  men  wreftle,  weac- 
quire  the  idea  o(wreJiling.  ad.  By  putting  together 
in  the  niind  feveral  fucceffive  actions,  as  a  lie. 


•  Locke,  B.  2,  c,  2Z. 


Chap. 


I    474    ]  [BookX 


Chap.     IV. 

OF    ASSOCIATION. 

Synchronous  AJfociationsj'^iicceJfi<ve  AJlJhnailms.'-^A  gr^^st  Psst 
of  our  KnoFiiiledge  conjifts  of  the  loiter. '-^Common  Semji.  — "Tr-ifiSB 
9f  Ideeu.'^^In  mjbdt  Manner  the  Train  of  Ideas  is  carrz^J ma."^ 
Relations  of  Contiguity  i^c-^How  thefe  are  formed  he  tha 
Mind.^-'How  the  Train  of  Ideas  is  reguhted^-^'It^tuiue  of  the 
Will. 

TH  E  word  aflbciation  was,  I  believe,  Bift 
ufed  in  this  fcnfc  by  Mr.  Locke  i  the  doc- 
trine is  notwithftanding  very  ancient.,  Plato  and 
Ariftodc  in  many  of  their  writings,  evidently  allude 
to  this  connexion  of  ideas.  Some  of  the  Stoics  re- 
mark its  efFefts  in  fpeaking  of  cuftom,  opinion,  &:c. 
and  Antoninus  is  very  clear  upon  the  topic*. 
Hobbes  has  a  whole  chapter  upon  the  train  rf 
ideas  f ,  and  makes  confiderable  ufc  of  the  dodb-ine 
through  the  whole  of  his  work. 

*  Ova,  at  «oXX«X(*(  fatioc&riiy  1u»ft!/1i}  0vi  i(«i  n  hei99%a^  Ass^ciaa 
yat^  t/iro  la;>  ^atlaa-iw  n   %J/t/;^*j.— Anton.  1.  5.C.  1 6. 

f  "  In  a  difcourfe  on  our  prefcnt  civil  war  (O.ys  he)  what 
could  feem  more  impertinent  than  to  dk,  as  one  did,  what  was 
the  value  of  a  Roman  penny  ?  Yet  to  me  the  coherence  was 
xnanifell  enough.  For  the  thought  of  the  war  introduced  the 
thought  of  the  delivering  up  the  Ring  to  his  enemies ;  the 
thought  of  that,  brought  the  thoug)it  of  the  delivering  op  of 
Chrifl ;  and  that  again  the  thought  of  the  thirty  pence,  which 
was  the  price  of  tJat  treafon  :  and  thence  eafily  followed  that 
malicious  queflioA  and  all  this  in  a  moment  of  time ;  for 
thought  is  quick/^Leviathan,  pt.  i.,c,  3. 

J  do  not  find  that  any  one  difcovery  has  been  made  in  the 
ffdence  of  liubd  £nce  the  time  of  Hobbes. 

Two 
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Two  fcnlations  happening  at  the  fame  time  will 

tecomc  united,  and  the  ideas  will  be  united  of 

courfc;  thus  the  ideas  of  the  figure  and  colour  6f 

bodies^  admitted  by  the  eye,  are  united,  and  thefe 

may  be  united  with  another  idea  admitted  by  the 

touch.     As  the  ideas  of  roundnefs  and  whitenefs 

by  the  former,  and  folidity  by  the  latter,  are  affo- 

ciatcd  together  in  the  complex  idea  of  a  ftone.     If 

mufic  is  heard,  while  we  behold  the  inftrument,  the 

found  will  be  affociated  with  the  vifible  appearance, 

and  the  former  will  at  any  time  recal  the  idea  of  the 

latter,  when  we  do  not  fee  the  inftrument  *•   Names 

become  aflbciated    with  things,  and   things  with 

a£lions  f .     Affociations  formed  from  impreffions 

made  at  the  fame  time,  are  called  fynchronous.  But 

)t  is  evident  that  imprefliohs  remain  fome  moments 

oil 

*  *'  TJ^  pajn^>  fmells,  taftes,  ^rd  tangible  qualities  of  na-  " 
taral  bodies,  fuggeft  their  vifiblejappearances.  to  \\\t  fancy,  and 
vice  verfa."-— Hartley  on  Man.  c.  i.f.  1.  prop.  5. 

f  "  It  is  remarkable,  however,  as  being  agreeab!-j  to  th« 
/yperior  vividaefs  of  vifible  and  audible  ideas,  that  the  fag- 
gcftion  of  Ae  vifible  appearance  from  the  name,  is  the  moUt 
ready  of  any." — Ibid.  n 

'  The  tranfuion  from  the  words  to  the  ideas,  is  generally 
much  caiier  than  from  the  ideas  to  the  words.  A  perfon  who 
3$  learning  a. llrange  language,  will  be  able  to  underfland  a 
book  in  that  language  long  before  lie  can  write  or  fpeak  it« 
]&venin  one's  native  tongue,  one  can  readily  underHand  what 
is  written  or  fpoken  in  the  bcft  and  propereil  terms,  though  he 
pould  not  have  ufed  thefe  terms  for  expreffing  the  fame 
ideas,  &c.  This  proceeds  from  the  influence  of  cuflom,  &c. 
The  ideas  arfr  moxe'familiar  to  us  than  the  words ;  they  are 
often  raifed  by  t!»eir  proper  objefts,  or  fuggefted  by  other 
words :  and  ihcir /^miUanty  makes  them  be  iuggefted  readily. 
TJiat  tlfif  is  the  true  caufe,  is  confirmed  by  obferving  that 

where 
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onourfenies,  and  die  gradually  away*;  ifus- 
ther  imprcffion  therefore  is  made  while  die  fcnw 
remains,  they  will  be  afibciated^  and  die  os 
fhall  rccal  the  other  to  remembrance :  the  A- 
ciation  being  weaker* or  ftronger  in  prc^rtw 
to  the  ftate  of  the  idea  or  impreflion  withR- 
ipe6t  to  its  vividncft.  An  idea  may  in  the  £a 
manner  be  aflbciated  with  an  impreffion  or  i^ 
tion,  or  two  ideas  may  be  aflbciated  togedier,^! 
this  kind  of  aflbciation  from  contiguity  of  tiflt 
may  be  termed  fucccQive.  Thofc  complex  id» 
which  iare  formed  from  fynchronous  imprcfliojtf «« 
more  vivid  and  diftinft,  than  thofe  formed  to 
fucceflive  ones. 

Propofuions  founded  upon  fynchronous  ifflprtt- 
fions,  are  little  elfe  than  complex  ideas  of  fenfitioa} 
as  in  the  propofition  "  the  dog  barks,"  die  idcao. 
the  thing  is  as  much  aflbciated  widi  the  aftion  is 
with  any  of  its  qualities  :  and  here  is  no*  roomie 
diflent,  unlefs  we  could  find  that  our  fcnfcsW 
deceived  us. 

Propofitions  founded  on  fucceflive  imprcffio») 
are  much  more  liable  to  deception ;  yet  of  th* 
confifts  by  far  the  more-  valuable  portion  ©f  o^ 
knowledge.  It  is  remarkable,  how  in  fornung 
thefe  propofitions,  frequent  experience  \t^i^  ^  ^ 
drop  the  intermediate  ideas,  and  conned  the  two 
extremes  of  the  propofition,  calling  it  fclf-c^Ki^^ 

where  it  does  not  take  place,  ideas  arc  not  fugged '"''• 
readily  than  words  are  in  ordinary  cafes.  Wlicnthcito^j 
prefled  are  fuch  as  we  have  been  little  accuftomed  to  i^ 
to,  a  difcourie^  or  com  po  fit  ion  is  under  flood  by  us  ^i"*  ' 
ficulty,  as  well  as  when  ideas  are  expreiTed  by  oniiABJ*^''*'' 
Gerard  on  Gen.  pt.  2.  f.  2.  note. 

•  Sec  Sir  ICiac  Newton's  Optics,  and  b.  ix.  c*  41* 
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as  if  it  was  really  the  effcdt  of  fynchronom  impreC- 
fions.     "  Wc  may  obfcrvc  (fays  Mr.  Locke  *.) 
that  the  ideas  we  receive  from  fcnfation,  arc  often  in 
grown  peojde  altered  by  the  judgment  without  our 
taking  notice  of  it.     Thus  a  globe  of  any  uniform 
colour^  as  of  gold  or  jet,  being  fet  before  our  eyes, 
the  idea  thereby  imprinted,  is  of  a  flat  circle  va- 
rioufly  ftiadowed.     But  being  accuftomed  to  per- 
ceive what  kind  of  appearances  convey  bodies  arc 
wont  to  make  in, US;  the  judgment  alters  the  ap- 
pearances into  their  caules;  and  from .  that  variety 
of  fhadow  or  cok>ur,  frames  to  itfelf  the  percep- 
tion of  a  convex,  figure  of  one  uniform  colour.'* 
A  man  who  reads  or  hears  with  attention,  takes 
little  notice  of  the  charadters  or  founds,  but  of  the 
ideas  that  are  excited  in  him  by  them.     Thus  we 
find  the  intermediate,  aflbciating  ideas  are  dropped, 
and  the  more  remote  caufes  immediately  conneded 
with  the  eflfedls.     In  the  inftance  of  the  globe,  the 
firft  complex  idea  prefented,  is  that  of  a  circle  af- 
fociated  with  certain  Ihades  of  colour  j  on  approach- 
ing and  examining  it  by  the  touch,  we  find  that 
this  is  really  a  convex  figure  and  of  a  fcif  colour, 
we  therefore  affociate  the  ideas  of  the  convexity  and 
colour  with  the  former  idea  of  the  circle  fo  ftia- 
dowed, and  the  one  occurs  not  alone,  but  always 
accompanied;  with  the  other,  and  fo  immediately 
that  wc  feel  it  as  if  it  had  been  from  fynchronous 
impreffipns.  It  is  unneceflkry  to  multiply  inftances  ; 
it  i&  obvious  that  the  fight  of  blood  never  fails  to 

•  B,  2.  c.  9. 

alarm 
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alarm  the  mind  inftantancoufly,  chough  no  moR 
produftivc  of  fear  or  horror  from  its  natural  pro- 
perties than  any  other  fluid.     *'  Painters,  ftatuaw, 
anatomiitsj  architefts^  fee  at  once  what  isintcndd 
by  a  draught,  pifturc,  &c  *."     Something  like  da 
occurs  in  moral  propofitions,  as,  ^*  intempciaKr 
is  produdlive  of  ill  health."     Here  it  is  plaun  tbf 
common  experience  fo  frequently  unites  the  co> 
fequence  to  the  caufe,  that  omitting  all  the  inrcr- 
mediate  fteps  neceffary  to  form  the  conclufion,  ik 
mind  is  fatisfied  with  the  affertion,  and  ciWsitf^ 
evident.     This  is  what  fome  authors  (if  I  am  not 
miftaken)  mean  by  common  fenfe  -,   and  indeed  thcfe 
conclufions  are  lb  generally  right,  tharaldiougbi: 
may  be  for  the  interefts  of  virtue,  occafionallj  to 
examine  them  by  the  principles  of  reafo/Jing,  tncn 
in  moft  cafes  have  very  little   occaGon  for  any 
other  appeal  than  to  their  comfnon  feelings,  to 
determine  on  the  jullice  or  injuftice  of  particular 
aftions^  ideas  of  jufticc  being  founded  in  the  cruA 
of  things,  and  fo  confirmed  by  experience,  tktAt 
conclufions  are  as  ready  at  hand,  and  almoft  as 
clear  as  that  '*  the  fun  ftiines  ;"   "  what  is,  is"  ^ 
any  other  of  thofe  maxims  that  are  really  fdf  evi- 
dent. 

On  this  principle  of  aflR)ciation  depends  thcof- 
ceflary  fiicceffion  of  ideas  in  a  train,  of  which  any 
one  may  fatisfy  himfelf  by  attending  to  theo^' 
rations  of  his  own  mind.  Ideas  are  introduced  by 
an  agreement  4n  fome  of  the  parts  of  which  com- 

•  Hartley  on  Man,  prop,  a  j.  . 
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plex  ideas  are  compofedk     Shakefpear^  defcribing . 
a.  merchant's  fears,  fays, 

"  Myr  wind,  cooling  my  broth, 
#<<  Would  bloiv  me  to  an  ague,  when  I  thought 
"  What  harm  a  wind  too  great  might  do  at  fea, 
"  Ifhouid  not  fee  the  fandy  hour-glafs  run, 
^*  Bat  I  fhould  think  of  fhallows  and  of  flats  ; 
*'  And  fee  my  wealthy  Arg'lic  dock'd  in  fanJ* 

"  Should  I  go  to  church, 
•*  And  fee  the  holy  edifice  of  ftone, 
*«  And  not  bethink  me  ftraight  of  dangerous  rocks  •  ? 

It  is  remarked,  that  the  train  of  ideas  ahnoft 
always  depends  upon  the  relarions  of  contiguity  in 
-   time  or  place,  caufe  and  effcft,  refemblance  or  con- 
trariety; all  of  which,  it  is  obvious,  depend  on  the 
principles  of  aflbciation  already  explained.     It  has 
been  fully  proved,  that  ideas  are  aflbciated  by  con- 
tiguity of  time,  tiie  former  impreffion  remaining 
vivid  fome  moments  after  it  was  firft  made,  and 
the  other  during  that  time  occurring,  they  become 
united.     That  aflbciation  which  arifcs  from  unity 
of  place  is  no  other  than  recoUeftion,  the  place 
making  a  part  of  the  complex  idea  of  any  a6kior. 
Caufe  and  efFedt  are  aflbciated  by  contiguity  of 
time ;  for,  as  Mr.  Locke  obferves,  "  we  get  thefc , 
ideas  from  our  obfervation  of  the  viciflitude  of 
things,  while  we  perceive  fome  qualities  or  fub-  ^ 
ftances  begin  to  exift,  and  that  they  receive  their 
cxiftence  from  the  due  application  and  operation  of 
other^  beings  *."     The  relation  of  refemblance  is 

•  Merchant  of  Venice,  fc.  1.        f  Locke.  B.  ii.  c.  26. 
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.no  other  than  rtcollc6Uon  of  that  particidar  idea,ii 
which  the  obje£b  prcfent,  and  the  chjcGt  ranrs* 
bcrcd,  agree.  When  two  ideas  arc  fbmacd,  agitt- 
ing  in  any  quality  or  qualities,  they  are  laid  mk 
related ;  and  the  d^rees  of  relation  are  as  m) 
agree  in  fewer  or  more  qualities.  Rdembfantca 
one  (imple  and  very  common  quality,  as  l^r 
round,  &c.  will  feldom  recal  an  idea,  unlefi  vcf 
rcccndy  or  very  ftrongly  imprinted,  the  raindbciig 
confufed  with  the  muldtude  of  ob)c&s  poflcfi; 
that  quality. 

The  aflbciation  of  ideas  with  their  contraiiB 
feems  to  arife,  ift.  When  the  idea  fo  remcmtotrf 
is  only  a  negative  idea,  and  derives  its  cxiftcnctfrflBi 
its  pofitive ;  thus  cold  is  the  want  or  dccreafcof  tet; 
fickncfs  is  the  want  of  health  ;  poverty  of  ricics; 
&€•  ad.  When  the  ideas  arc  conncftcd  in  poi* 
of  time  *,  as  muft  be  the  cafe  in  a  change  ftwotf 
ftate  to  another,  fuch  are  the  ideas  /iofiger  and^Wi?. 
3d.  Perhaps  two  things,  which  are  oppofitc,  being 
perceived  at  once,  the  mind  is  more  forcibly  ftn» 
by  each  of  them,  the  ide^  are  confequcntly  nwrt 
vivid,  and  more  liable  to  be  recolleded. 

The  train  of  ideas  is  often  regubtcd  by  fiw« 
end  propofcd  to  ourfelves;  for  where  we  ba^c*!* 
objc6t  in  view,  fuch  ideas  as  are  connededwitnrt 
will  of  courfe  be  fuggefted.  By -- theft  fflcawij 
are  frequently  impofed  on;  a  pafiion  oTznlniff^ 
will  lead  on  a  train  of  arguments  favourable  w 

♦  «  Eyc-witncflc»  generally  relate  in  the  order  of  »«<. 
without  any  exprcfs  defign  of  doing  W— Hartley  oaM^B- 

iAenh 
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them,  while  we  imagine  we  are  aftiilg  with  the 
utmoft  impartiality  *. 

*  The  indireft  influence  of  the  will,'  lays  Dr.  ^ 
Stuart,  ^  over  the  train  of  our  thoughts,  is  very  ex- 
tcnfive.  It  is  exerted  chiefly  in  two  ways: — ift. 
By  an  effort  of  attention  we  can  check  the  fpon- 
taneous  courfe  of  our  ideas,  jand  give  efficacy  to 
thofe  aflbciating  principles  which  prevail  In  a  ftu- 
dious  and  coUcfted  mindj  ad.  By  praftice  we 
can  ftrengthen  a  particular  aflbciating  principle  to 
fo  great  a  degree,  as  to  acquire  a  command  over  a 
particular  clafs  of  our  ideas/ 

*  '  Should  any  one  be  furprifed  at  this  difpofition  in  our 
nature  to  aflbciate  any  ideas  together  for  the  future,  which 
once  prefented  thcmfelves  jointly,  cohfidering  what  great  evils, 
and  how  much  corruption  of  affe^ions  is  owing  to  it,  it  ma/ 
help  to  account  for  this  part  of  our  con(Htution,  to  conilder^ 
'*  that  all  our  language,  and  much  of  our  memory,  depends 
upon  it  ;'*  fo  that,  were  there  no  fuch  aflbciations  made,  we 
muft  lofe  the  ufe  of  words,  and  a  great  part  of  our  power  of 
recalling  paft  events,  befidc  many  other  valuable  powers  and 
arts  which  depend  upon  them." 

Hutcbinfon  on  the  Paffions^  f.  i.  p.  II. 


Vot.ni.  li     •  Chap; 
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Chap.    V. 

M    E    M    O    R    ¥♦• 

litas  •/ itfemory.'^Difiinguifiid  fr9m  Ideas  of  Ima^maihxj^ 
Judgmtnt  concerning  Diftanci  of  Fads,  ■  Memory  «  Tio^ 
and  QU  Pirfons. — RecoUeaion.'''^erteasety. 


IT  appears,  that  ideas  of  mcmoiy  arc 
guifhed  from  ideas  of  imagination;  iftj  B; 
being  more  vivid;  adly.  By  the  affociatcdite 
of  time,  place,  and  other  circumftanccs  that  accom- 
pany them.  As  ideas,  by  being  often  rqjcatti 
become  more  vivid,  it  is  a  common  remark,  thai 
perfons  inclined  to  habits  of  faUhood,  by  often  re- 
peating the  fame  ftory,  are  themfcivcs  at  laft  to* 
pofed  on  by  the  vivacity  of  the  idea,  fo  as  to  mil- 
take  it  for  an  idea  of  memory.  Madoica  arc 
almcft  always  deceived  in  this  way.  In  dreams, 
the  vividnefs  of  the  new  fcene,  and  no  affociated 
ideas  appearing  by  which  to  mark  thofe  ideas  de- 
rived from  memory,  caufe  us.  to  miftake  it  for  a 
fcrics  of  real  impreffions. 

It  fecms  probable,  that  we  judge  of  the  diftaflce 
of  fe(3s  recorded  by  the  memory,  ift.  From  tta 
idea  growing  fainter,  yet  retaining  the  princip 


•  t 


'  Memory  is  tliat  faculty  by  which  traces  of  i&issm 
and  idea*  recur,  or  arc  recalled,  in  the  fame  order  and  propof' 
tien,  accurately  or  nearly,  as  they  weri  once  a&oally  f^ 
knUd.'^Hartlej  on  Man^  Introduce 
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ftflbciated  circumftances ;  adly,  From  enumerat- 
ing ideas  of  fafts,  which  we  know,  by  the  ordef  of 
ideas,  to  have  fucceflivcly  happened  fince  that  point 
of  time  in  which  the  iiea  firft  occurred.  *  »Thc 
death  of  a  friend>  or  any  interefting  event,  often, 
related,  appears  to  have- happened  but  yefterd^y,  as 
we  term  it,  on  account  of  the  vividnefs  of  the  idea 
correfponding  to  the  nature  of  a  recent  event  ♦/ 
Miftakes  are  here  prevented  in  perfons,  who  retain 
their  fenfes,  by  the  fecond  means  of  judging,  viz. 
by  enumerating  fafts  that  have  fincc  occurred,  &c. 

Memory  is  weak  in  children  j  ift>  probably^  be- 
caufe  the  organs  are  flaccid  and  weak  5  adly,  For 
want  of  a  number  of  ideas,  which  experience  fur- 
nilhes,  and  which  afterwards  ftrengthen  the  powers 
of  aflfoclation.  Memory  is  flow  and  defeftivc  in  .. 
old  perfons;  ift,  Becaufc,  probably,  a  rigidity  of 
fibre  may  render  the  organs  of  thought  Icfs  aftive  5 
adly,  Becaufe  the  paflions  are  weaker,  there  is  in 
reality  Icfs  life,  of  courfe  a  fluggilhnels  of  mind  will 
generally  accompany  that  ftatc.  Impreffions  >are  . 
eafily  made  on  the  fenfes  of  children,  but  do  not  - 
remain.  On  the  contrary,  it  is  diflicult  to  make 
fuch  impreflions  on  older  perfons  as  to  produce 
ideas,  but  when  made  they  are  lafting.  Hence  the 
ncceflSty  of  inuring  th^  mind  to  aftion  and  ftudy 
through  every  ftage  of  life,  fuch  perfons  frequently 
retaining  their  mental  agility  and  powers  longer 
than  others. 

Ideas  are  more  ^cafily  recoUefted,  ift.  By  being 
vividly  and  diftindtly  impreflfed  \   adly.  By  being 

•  Hartley  on  N^an,  prop.  \u 
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ilfongly  aflbciated.  Thefe  two  caufes  will  gcnC' 
rally  concur>  for  the  more  vivid  an  impreffioa  k, 
the  longer  it  remains  on  the  fenfe,  and  of  courfe 
the  more  ic}eas  it  will  ht  aflbciatcd  with.  A  /cnti* 
ment,  when  quoted  from  a  book  or  a  poecn  b? 
another  authorj  as  appofite  to  his  fubje6^>  kj^sca 
makes  a  more  diftindt  and  vivid  impreflion  than  in 
the  original  writer.  The  impreflion  is  more  vivid, 
becaufe  we  are  apt  to  fanq^  chat  fome  peculiar 
excellence  induced  another  author  to  quote  it  j  it 
is  more  vivid  too,  becaufe  it  is  more  diftinft: ;  it  is 
better  remembered,  both  for  this  reafon,  and  becaufr 
(like  all  diftinft  ideas)  it  becomes  aflbciated  with 
time,  place,  and  other  circumftances,  as  well  as  with 
the  ideas  of  him  who  quotes  it  *. 

The  following  are  the  modes  of  memory  pointed 
out  by  Mr.  Locke,  which  may  be  of  fome  ufe  as 
definitions.  *  When  an  idea  recurs  without  the 
prefence  of  the  objeft,  it  is  called  remembroHcsi 
'when  fought  after  by  the  mind,  and  brought  again 
in  view,  it  is  tecolleEtion\  when  held  there  long 
under  attentive  confideration,  it  is  contemplatim\ 
when  ideas  Boat  in  the  mind,  widiout  regard  or 
reflexion,  it  is  called  reverie ;  when  the  ideas  arc 
taken  notice  of,  and,  as  it  were,  regiftercd  in  the 

•  '  We  remember  that  bcft,  which  we  underlland  mod  per- 
feftly.  What  we  underftand,  ftrikes  tfs  with  its  whole  force : 
of.  what  we  undcrftand  imperfedily ,  it  is  only  the  part  under* 
ftood  that  makes  any  impreflion  on  us ;  of  the  reft  wc  have  00 
perception :  even  that  part  makes  but  a  faint  imprefixon.  It 
would  acquire  ad'ditional  force  from  its  connexion  with  tbe 
otJicr  parts,  if  the  wholo  were  underftood.* 

Cfr.  om  Giu.  part  iL  f.  9. 
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^  memory,  it  is  attention ;  when  the  mind  fixes  its 
v^ew  on  any  one  idea,  and  conliders  it  on  all  (ides, 
ftudy^: 

That  ideas  zrp  commonly  recoUcfted  in  a  train 
has  been  already  noticed.  It  has,  indeed,  been 
dilputed,  whether  we  have  any  further  power  in 
recoUeftion,  than,  ift,  ExcitLig  a  certain  degree, of 
aftivity  in  the  mind,  and  awakening  it  to  the  difFe-  ' 
rent  aflbciations  f  -,  and,  adly.  When  two  trains  c£ 
ideas  occur,  directing  the  attention  to  one  in  pre^^^ 
fcrencc  to  the  other.  The  order  of  time,  pIacC| 
&c.  have  great  influence  in  recolle£tion. 

In  rccoUefting  a  company,  we  arc  obliged  to 
have  refpeft  to  the  order  of  place,  to  the  courfc  of 
converfation,  or  fome  other  of  the  common  reh* 
tions.  RecoUedion  in  order  of  time  happens  from 
fome  part  of  two  ideas  becoming  entangled  with 
each  other,  as  the  mind,  when  waking,  is  feldom 
without  fome  idea,  fo  no  one  is  perfedtly  gone  be-  . 
fore  the  introduftioii  of  another.  RecoUedtion 
from  place  happens  by  the  tranfition  which  the 
mind  makes  from  the  firft  idea  to  the  place,  and 
from  the  place  to  the  fecond  idea ;  it  is  the  fame  iit 

*  Locke^  b.  ii.  c.  19. 

f  <  The  mention  of  a  perTon  often  makes  us  recoUedt,  that  ^ 
there  is  fome  purpofe  for  which  we  want  to  fee  him';  but  fome- 
time8>  when  we  cannot  call  to  mind  what  it  particularly  is,  the 
fight  of  that  perfon  brings  it  quickly  into  our  thoughts.  In  con-r 
fequence  of  thefuperior  force  of  fenfations,  which  enables  them 
to  fuggeft  conceptions  by  means  of  much  weaker  relations  than 
ideas  can^  it  often  happens,  that  an  objeft  occurring  to  the 
fenfes  gives  a  very  quick  and  feemingly  nnaccounuble  turn  xq 
(he  courfe  of  the  thonghcs."^*-G«rtfri/  m  Qi9.  part  ii.  f.  }• 
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rccollcSion  from  rcfemblancc.  Recqllcftion  fincMn 
caufe  and  effcft  is  the  fame  as  recoDeftion  in  order 
of  rime  i  only  it  is  to  be  remarked,  that  we  look 
upon  every  thing  as  being  both  a  caufc  and  e^eft 
.  of  fome  other  thing,  though  of  what,  or  in  what 
manner,  we  may  be  ignorant;  and  this  is  the  refuk 
of  experience. 

An  idea  frequently  recolle&ed  becomes  aflbciated 
with  a  number  of  other  ideas  in  the  different  repe- 
titions of  it ;  it  will  therefore  be  more  predominant, 
and  more  apt  to  be  recalled  on  future  occafions  i 
and  this  conftitutes  the  power  of  habit  over  our 
turn  of  thinking,  which  may  be  acquired  fiom 
reading  frequently  the  fame  book,  or  converfiiig 
much  with  die  fame  perfon. 

Diftluft  memory  thus  depending  on  ailbciation, 
the  fimple  ideas  are  often  found  to  remain,  while 
the  circumftances  firft  connected  with  them  aie 
utterly  loft.  Thefe  the  mind  forming  into  new 
combinations,  we  call  inveiiribrt. 

As  nnrmory  is  fo  much  dependant  on  aflbciadon, 
it  is  evident,  that  what  influences  the  latter  will  have 
much  effcft  in  determining  the  peculiar  excellence 
of  any  man's  memory.  Some  'are  founld  to  have' 
a  memory  adapted  to  the  remembrance  of  hiftori- 
cal  fafts,  fome  to  poetry,  &c.  Ideas  formerly  re- 
'  ceived  are  fo  many  hooks  (if  I  may  be  allowed  the 
cxpreffion)  that  faftcn  on  thofe  ideas  which  aflxmi- 
late  with  them. 

The  diftinftncfs,  livelinels,  and  conncfted  cir- 
eumftances  of  ideas,  leave  almoft  no  room  for  mif- 
jtakes  in  judgment,  as  far  as  depends  on  the  me- 
mory.   Idci^  of  mcoiory,  by  frequent  repetition, 

luay 
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rnay  Ije  retained  equally  pcrfedt  and  vivid  as  when 
firft  imprinted;  it  follows,  therefore^  that  when>. 
'from  the  clcarnefs  and  vividnefs  of  the  ic{fcas>  wc 
f^l  that  they  have  remained  unconfufed  in  the 
rnind,  bur  reafbning,  as  far  as  refpefts  them,  wifl 
fall  nothing  fhort  of  abfolute  certainty. 

How  far  the  memory  is  dependant  oq  die  cor- 
poreal organs,  has  been  often  difputed.  Some 
ftriking  inftances,  to  prove  a  very  dole  depen- 
dance,  have  been  feirnilhed  by  different  authors.* 
An  Italian  poet  is  related  to  have  fallen  dangeroufly 
ill,  and  whch  he  recovered,  to  have  forjgojtcn  the 
very  letters  of  thc^  alphabet.  Pliny  (peaks  of  a  per- 
fcn,  who,  ^Y  a  dangerous  fall,  forgot  his  mother 
and  friends,  Meflala  Cbfvinus,'by  a  difeafe,  forgot 
fais  own  name.  Valerius  Maximus  relates,  that  a 
citizen  of  Athens,  by  a^blow  of  a  ftone  on  the  head, 
forgot  all  he  knew  of  polite  literature,  though  in 
other  refpefts  he  retained  his  memory  *.  In  the 
Memoirs  of  the  Royal  Academy,  1 7  u,  there  is  an 
account  of  a  young  man,  who,  in  a  fever,  forgot 
every  thing  he  knew  5  but  afterwards  learned  very 
quickly ;  fo,  retaining  lus  faculties,  he  loft  his  for-  ^ 
mer  ideas  f. 

We  muft,  however,  be  cautious  of  giving  too 
implicit  credit  to  thefe  relations.  Authors,  as  well 
as  all  other  men,  are  too  fond  of  the  marvellous. 
It  is  certaiq,  that  the  foul  or  mind  of  man  cannot 
ad,  unlefs  the  inftruments  with  which  it  is  to  aft 

•  Plin.  Nat.  Hiil.  L  viL  c.  24. 

f  See  inftances  of  cxtxaordinary  memory,  Plixv  Nau  Hi/l. 
!•  vii.  c.  24* 
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arc  in  a  proper  ftate.  The  mind  is,  thcrefoif, 
affibfted  by  the  infirmities  of  the  bodily  frame;  ye^ 
in  lunacy,  and  other  mental  complaints^  medicine  is 
found  to  have  but  a  feeble  eflfeft. '  That  a  period 
from  a  mere  corporeal  injury,  can  have  any  one  fub- 
jcft  eradicated  from  his  memory,  while  he  rctiias 
others,  is  not  to  be  vbelieved. 

Great  memiory  is  feldom  confident  with  imagh 
nation.  The  mind,  in  that  cafe,  feenns  to  be  too 
much  occupied  with  old  ideas  to  be  difpofed  to 
form  new  ones.  I  have  heard  a  gentleman,  of^ 
renjarkably  ftrong  memory,  complain,  that  when 
he  fat  down  to  compofe,  he,  experienced  great  d/f 
ficulty,  'from  being  incumbered  with  the  thoughtSi 
ibiitiments,  and  language  of  other  authors. 
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Chap.    VI. 

OF     INVENTION. 

Invention  r  nnhat.'^ldeas  of  Memory  and  Imagination,^^Inven-t 
tion  and  Judgment* 

THE  mind  may  be  equally  employed  in 
making  true  as  falfe  combinations  of  ideas  5 
in  forming  a  lyftem,  and  connefting  ideas  by  their 
^  natural  relations,  as  in  depifting  Centaurs,  and 
making  witty  allufiohs ;.  in  either  of  which  cafes  it 
is  faid  to  invent.  In  the  former  there  feems  to  be 
a  greater  mixture  pf  judgment,  and  this  kind  of 
invention  is  fubfervient  to  real  fcience.  On  the 
contrary,  when  the  invention  confifts  in  drawing. 
ftroAg  and  lively  piftures  or  reprefentations,  either 
falfe  in  themfelves,  or  heightening  by  rhetoric  real 
faft$,  it  is  called  imagination  i  when  it  confifts  in 
wild  and  uncxpefted  combinations,  it  is  called 
fancy  *. 

From  the  two  laft  chapters  it  appears,  that  in- 
vention is  altogether  dependant  on  the  principle 
of  aflbciarion.  When  a  pcrfon  is  poffefTed  of  a 
mind  fufficiently  aftive  to  be  eafily  afFefted  with 
the  relations  pointed  out  in  the  preceding  chapters, 

•  <'  When  ideas,  and  trains  of  ideas,  occor,  or  are  called 
ap  in  a  vivid  manner,  and  without  regard  to  the  order  of 
former  actual  impreiEons  and.  perceptions^  this  is  faid  to  lup 
done  by  the  power  of  imaginjation  or  fancy.'^— ^«r/.  Introd. 


^^lieas  oflmaghaRon  t^  Uea^if Memory  ^J^(^  %. 

we  fay  of  him,  that  he  has  an  inventive  genius :  a 
quick  difcernmcnt  of  thofe  relations  between  com- 
plex ideas,  will  lead  kixva  to  combine  them  into  new^ 
ones,  or  to  new  arrange  the  order  of  his  thoughts, 
which  will  amount  to  nearty  the  fame.  In  an 
aftive  mjnd,  the  ideas  will  be  more  vivid,  and  fuch 
a  mind  will  notice  many  relations  that  would  e(cape 
ordinary  perfons.  When  a  mind  is  more  conver- 
iant,  and  more  affefted  with  the  relarion  of  caufc 
and  cffeft,  fuch  will  conftitute  a  genius  fer  the 
fciences,  A  genius  for  the  arts  is  more  forcibly 
ftruck  with  the  relation  of  refemblance. 

Hence,  firft/it  follows,  that  die  memory  muft  be 
ilrong  to  fupply  a  genius  for  either  arts  or  fciences 
with  materials  for  new  improvements ;  and,  adly. 
The  mind  muft  be  adive,  and  eafily  affedtcd  by  the 
ieveral  relations. 

The  diftinftion  between  ideas  of  memory  and 
ideas  of  imagination  has  been  already  mentioned. 
Ideas  of  n^mory  muft  neceffarily  be  more  lively 
than  ideas  of  imagination  commonly  are  at  firft. 
Ideafi  of  imagination  are  only  formed .  from  the 
ideas  of  memory,  fo  that  at  moft  the  figure  is  but 
at  ftcond-hand,  and  muft  alia  be  lels  perfect  tiian 
w.hat  nature  has  adhially  pirefenced  to  our  /enfes. 
Yet,  if  wc  remember  what  was  faid  refpeftihg  the 
frofjuent  repetitidn  of  an  idea,,  it  will  be  found,  that 
ideas  of  imagination  may,,  by  this  means,  become 
fully  as  vivid  as  ideas  of  memory,  which  is  the  cafe 
^ith  perfons  addicted  to  falftiood,  as  has  been  al* 
ready  remarkedl  But?  I  will  even  go  bdycxid' this, 
and  aficrt,  that  a  number  of  vivid  ideas,  bding 
combined  into  one  complex  ofte,  and  each  having 

itt 
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its  dependant  train  of  ideas,  the  complex,  or  ra-* 
ther  decomplex  idea,  by  frequent  repetition,  will 
produce  a  ftronger  fenfadon  than  any  one  of  its 
conftituent  parts.  Hence  it  is  a  felf- evident  faft, 
that  the  intelledhial  pleafures  and  pains,  though 
deducible  from  the  fenfible  ones,  are  in  reality 
ftronger  and  more  vivid,  as  any  perfon  may  latisfy 
himfelf  who  confiders  a  little  the  nature  of  avarice, 
smbitioHy  or  love. 

It  has  beep  cuftomary  to  eftablifh  a  radical  dif- 
tin<9tion  Jjetwccn  jnvcntior^  ai>d  judgipent,  as  if  they 
were  diftind):  powers  of  the  mbd,  and  not  the  fame 
power  differently  employed;   but  the  only  two 
great  diftin<Stions  that  I  perceive  in  the  hunnan 
mind  are,  memory  and  genius,  which,  it  is  certain, 
do  nqt  ^v^ays  meet  in  the  fame  perfqn.     Per- 
haps the  reafonthey  zic  feldom  found  to  exift  toge« 
ther,  in  any  confiderable  degree,  may  be  a  certain 
inertnefs  in  minds  of  the  former  caft,  which  enables 
them  to  retain  ideas  in  the  grofs,  but  which  difables 
them  from  icparating,  analizing,  or  making  new 
CQmbinati9ns.    A  very  vivid  mind  is  not  only 
.  ftruck  with  an  objedt  as  a  whole,  but  every  con- 
ftituent part  is  obferved,  and  makes,  if  I  may  fo 
exprefs  it,  a  feparate  impreillpns  thefe  parts  are» 
therefore,  liable   to  become  feparately  alTociatcd 
with  parts  of  other  compleix  images,  and  the  fame. 
vividnefs.  and  aftivity  of  mind  will  produce  n^tu* 
rally  thefe  frequent  afTociadons. 
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Chap.    VIL 

OF    JUDGMENT, 
Judgment  I  'wbai.'^AIfint^^^Tr^aiiliiy. 

WHEN  the  mind  examines  and  conqjam 
objcfts  or  ideas,  recalling  in  a  feriesj  zd 
turning  them  over,  ib  as  to  diftinguifli  thdr  ni- 
tures,  qualicies,  or  relations,  it  is  laid  to  jud^ 
To  the  aft  itfclf,  or  the  power  of  performing  it,  wc 
give  the  name  judgment,  and  often  the  coaduSai 
or  inference  is  called  a  judgment. 

Ideas  are  objefts  of  the  judgment ;  firft,  in  dif- 
tinguilhing  one  idea  from  another :  this  aft  of  tnc 
mind  has  given  rife  to  the  technical  terms  ufcd  bj 
logicians,  identify  and  diverfity.     Mr.  Locke  aSs 
this  the  firft  aft  of  the  mind,  which,  he  obfcrvcs, 
<^  it  does  without  any  paios  or  dedu6tion,  by  its 
natural  power  of  perception  and  diftinftion.*'  adlf, 
Ideas  are  objefts  of  the  judgment,  in   perceiving 
the  relation  which  one  bears  to  another,  or  the  par- 
ticulars in  which  they  agree  one   with   anodier. 
Thus,  by  the  firft,  we  obferve,  that  blue  is  not 
purple  J  and  yet,  by  the  lecond,  we  perceive,  that 
purple   approaches  nearer  the  colour  blue  than 
yellow  does.     Or,  to  give  a  plainer  inftance— Wc 
perceive  by  the  firft  aft  of  judgment,  that  two  is  a 
different  number  from  four;  and,  by  the  fccond, 
that  they  have  this  property  in  common^  that  they 
are  both  (ven  numbers* 
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Mr,  Locke  obfcrves,  thlt  truth  and  falfehood 
l>elong  properly  only  to  propofitions  *.  Truth  is, 
firft,  a  conformity  of  the  idea  with  the  name ;  in 
other  words,  that  in  die  minds  of  different  perfons 
The  fame  name  (hall  fuggeft  the  fame  idea,  andly, 
A  conformity  of  the  idea  with  fbme  real  exiftencc. 
3dly.  A  conformity  of  one  idea  with  another. 

The  caufe  that  a  perfon  affirms  the  truth  of  the 
propofition,  twice  two  is  four,  is  the  entire  coinci- 
dence of  the  viGble  and  tangible  idea  of  twice  two 
viith  that  of  four,  as  imprcfTcd  upon  the  mind  by 
different  objefts.     We  fee  every  where  that  twice 
two  and/(?«r  are  only  different  names  for  the  feme 
impreffion.     Where  the  numbers  are  fo  large,  that 
we  are  not  able  to  form  any  diftinft  vifible  ideas  of 
them,  as  when  we  fay,  twelve  times  twelve  is  equal 
to  one  hundred  and  forty-four,  a  coincidence  of  the 
,     words  arifing  from  fomc  method  of  reckoning,  and 
refembling  the  coincidence  of  words,  which  attends 
the  coincidence  of  ideas  in  the  Ampler  numerical 
propofitions,  is  the  foundation  of  our  rational  aflent ; 
,  for  we  often   do,  and  might  always  verify    the 
fimpleft  numerical  propofitions  by  reckoning  up  the 
numbers  f . 

Thofe  judgments,  which  relate  to  determining  the 
probability  of  future  events,  appear  to  be  little 
more  than  accurately  remembering,  and  felefting 
fuch  principles  as  relate  to  the  matter  in  contem- 
plation* We  canguefs  at  the  future  only  from  the 
paft.  As  when  certain  appearances  happen,  we 
remember,  that  the  fame  appearances  were  formerly 

•  B.  ii.  c.  32. 

f  Hartley  on  Man,  Prop.  38. 

attended 
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attended  with  certain  con{cquences ;  the  ^cisok 
eVent  is  therefore  prefentcd  to  our  rxund5,  thougb 
not  yet  completed.  The  great  difficulty  1S9  to  xe- 
colleft  accurately  in  what  particular  circumftabccs 
the  prefent  matter  agrees  with  the  pad,  and  tte 
degree  of  probability  will  be  in  ah  exa<9:  propor- 
tion to  the  circumftances  in  which  they  agree. 

Thus  we  fee  memory  fumiOies  the  materials  for 
the  judgment;  the  conclufions  drawn  partake  mudi 
of  the  nature  of  invention.  In  this  the  two  facul- 
ties in  a  manner  meet;  and  for  this  reafbn  I  coo* 
chide  they  are  radically  the  fame^  only  difierentiy 
exerted.  Reafbningis  a  chain  of  judgments  (bunded 
one  upon  another*    It  is  the  arithmetic  of  words. 


C«APt 
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Chap.    VIII. 

OF    WORDS. 

Mfira^i  and  gintral  Tgrm.^^U/n  and  Abu/et  of  Wwdu^^ 
Thinking  in  Language.  ^ 

WORDS  were  adopted  as  the  figns  of  ideas, 
which  are  images  of  things ;  they  are  a 
fort  of  coin  current  among  men  to  transfer  their 
thoughts  to  one  another  ♦.  Words  ferve  likcwife 
to  reprefent  colledions  of  ideas^  as  is  the  cafe  in 
general  terms.. 

On  examining  the  principles  of  language,  it  ap-» 
pears>  that  the  firft  words  of  every  language  relate 
immediately  to  things,  their  properties  or  aAions* 
Men  in  a  very  rude  ftatc  of  fociety,  have  litde  ufe  for 
abftraft  or  general  reafoning.  All  our  adverbs,' 
c0njunftions,  and  prepofitions,  were  originally  verba 
or  \  fubftantives. 

To  number  would  be  extremely  difficult  without 
words:  they  ferve  to  diftinguifti  numbers,  of  which 

*  *  Words,  in  all  men's  mouths  (tiiat  fpeak  with  any  mean- 
ing) ftand  for  the  ideas  which  thofe  that  ufe  them  have«  and 
which  they  would  exprefi  by  them.  Thus  a  child  that  ukes 
notice  of  nothing  more  in  the  metal  he  hears  called  gold, 
than  the  yellow  colour*  calls  the  fame  colour  in  a  peacbck^s  tail 
gold ;  another*  that  has  better  obfenred*  adds  to  ihi'ning  yellow, 
great  weight ;  and  then  the  found  gold.fiands*  when  he  ufes  it, 
for  a  complex  idea  of  a  fhining  yellow,  and  -^tty  weighty 
fubftance/— Locke*  b*  iii.  c.  ft. 

t  See  Mr.  Home  Tooke's  Epea  Pteioenui  and  EAyf 
Hillorical  and  Moral. 
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we  could  have  no  diftind):  vifible  or  tangible  ideas. 
The  niceft  obfcrver  cannot  have  a  diftinfb  idea  of 
ninety- nine^  and  another  of  an  hundred^  but  by  the 
words. 

When  we  obferve  any  quality,  or  fct  of  qualities, 
that  are  connefted  with  fevcral  different  objeds, 
we  conftitute  thence  an  abftra6t  word,  fuch  arc 
rouninefsy  wbifenefs,  human  nature,  &c. 

General  termj  are  formed,  by  obferving  that  there 
are  fome  qualities  in  which  certain  things  agree^ 
though  differing  in  others  j  we  rank,  therefore,  all 
the  objefts  {o  agreeing  under  a  general  head,  or  clafs 
them.  Thefc  general  terms  do  not  excite  any  idea  , 
unlefs  a  particular  one.  Thus,  if  by  the  word  man 
any  idea  is  excited,  it  muft  be  that  of  a  particular 
man.  The  word  animal  is  ftill  more  general,  and 
if  *iy  diftinft  idea  accompanies  it,  it  is  only  that  of 
a  particular  animal.  Yet  in  this  cafe  there  is  no 
danger  of  confufion,  if  the  general  term  is  well, 
underftood,  that  is,  if  the  particular  qualities  to 
which  it  is  meant  to  refer  are  defined,  and  diftinftly 
pointed  out,  then  any  man  or  any  animal  will 
ferve  completely  to  reprefent  the  whole  clafs  in 
thofe  agreeing  qualities,  which  the  general  term 
ferves  to  cxprefs  *.  It  is  manifeft  this  is  a  refine- 
ment of  human  invention  to  prevent  the  inconve- 
nience of  conftantly  referring  to  proper  names, 
which  would  be  almoft  as  laborious  as  the  contriv- 
ance of  Swift's  philofophers,  to  convcrfe  without 

*  In  the  whole  bafinefs  of  genera  and  fpecies*  the  genus, 
or  more  comprchenfive,  is  but  a  partial  conception  of  what  is 
in  the  fpecies^  and  the  fpecles  of  what  is  to  be  found  in  each 
individual.«-See  Locke^  b.  iii,  c.  6. 

words. 
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•<^ords,  by  bringing  the  thing  Ipokefn  of  within  fight 
of  the  parties. 

The  general  terms  reprelenting  mixed  modes^  fuch 
as  parricidey  virtue^  8pc.  have  only  to  be  defined  in 
the  fame  manner,  by  pointing  out  the  aftions  or 
qualities  they  are  defigncd  to  reprefent,  and  there 
will  be  no  danger  of  conflifion  or  miftake. 

Words  reprefenting  complex  ideas,  which  are 
bbjeds  of  our  fenfcs,  are  defined  by  enumerating 
thie  fimple  ideas  of  which  they  are  compounded. 

Words  reprefenting  fimple  ideas  cannot  properly 
be  defined,  for  it  is  impoflible  to  analyze  the  idea 
wbite^fiJOeety  &c. 

It  is  unneceflaiy  to  fay  any  thing  of  the  nature 
And  ufe  of  thofe  words  called  particles.  Such  a 
difquifition  would  be  better  adapted  to  a  gramma- 
tical treatife,  than  to  the  prefent  work. 

Words  may  pervert  our  reafoning,  either  througli 
paflion  or  ignorance.  As  words,  by  being  con- 
nefted  with  objeds,  become  in  fome  mieafure  ca- 
pable of  exciting  pleafure.and  pain,  fo  they  may 
contribute  to  prejudice  us  fororagainft  anobjeft, 
when  frequently  united  with  it,  as  is  eyident  in  the 
life  of  the  epithets  good,  fine,  elegant,  fi-ightful, 
bad,  &c.  * 

Whatever 

^  <<  It  o^ght  to  be  remarked,  that  the  words  and  phrafes  of 
the  parents,  governors,  faperiors,  and  attendants,  have  fo  great 
an  inftaence  over  children,  when  they  firft  come  to  the  ufe  of 
language,  as  iiilhintly  to  generate  an  implicit  belief,  a  ftrong 
defirc,  or  high  degree  of  pleafure.  They  have  no  fufpicions, 
jealonfies;  inem6ries,  or  expe^ations  of  being  deceived  or  dis- 
appointed ;  and  therefore  a  fet  of  words  expreffing  pleafures  of 
any  kind,  which  they  have  experienced;  put  together  in  almoft 

Vol.  III.  K  k  any 


49^  Diffuies  arifingjrfm  Hoards.       [Book  X# 

Whatever  difputes  or  mifconcepdons  arife  firom 
ignorance  of  words,  they  generally  happen  in  tac 
names  of  mix^^  modes ^  or  abftraft  general,  terms  s 
•  for  in  the.  ufe  of  thofc  words,  which  only  rcprc- 
fent  complex  ideas  of  feniarion,  there  can   icarceif 
be  any  miftake.     The  nniftakes  alluded  to   ufuai^ 
happen,    ifl:.  From  an  idea  being  omitted,  which 
ought  to  have  been  comprehended  in  that  definiciQii 
of  a  general  term,  which  every  man  makes  in  lis 
Own  mind.    As  in  chance-medley y  man-Jlaugbter^  mwr^ 
diTy  tht  principal  idea  is  the  fame,  yet  the  reipc^ve 
words  fugged  an  idea  materially  different,      andfy^ 
From  ideas  being  admitted,  which  ought  not  to  be 
comprehended  in  the  general  term,   jdly,  Fromaa 
obfcure  or  confufcd  view  of  the  meaning.     4tfaly. 
Difputes  often  arife,  becaufe  a  man  may  have  a  part 
of  the  ideas,  which  arc  comprehended  under  dicge* 
neral  word,  more  ftrongly  aflbciated  with  his  ocfacr 
ideas  than  the  reft ;  of  courfe  he  will  have  a  partui 
view,  and  his  reafoning  will  be  biaGicd  by  a  kind 
cfprgudice. 

The  firft  end  of  language  is  to  make  known  oar 
thoughtstoothers,  in  which  we  fail,  ift,  Whenwc 
ufe  words  without  clear  and  diftinft  meanings; 
adly.  When  we  apply  received  names  to  ideaS)  to 
which  the  common  ufe  of  language  does  not  appfy 
them;  3dly,  When  we  apply  them  unftcadily.  The 
iecond  end  of  language  is  to  make  known  our 

any  fonn»  will  raife  up  in  them  a  pleafurable  flate»  and  oppo&c 
words  a  painfkl  one*  Whence  it  is  eafy  to  fee,  that  tlie  te 
language  cxpreffing  praife,  and  the  harih  one  expreffing  diA 
praife,  mnft  iaftantly  pot  them  into  a  ftate  of  hope  and  joft 
fear  and  ferrw  rcfpiaivtly/'— Jttartlcy,  Prop.  47. 

thougha 
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thoughts  with  as  much  cafe  and  quicknefs  as  pof* 
fiblcj  and  this  men  &il  in  when  they  want  eithef 
names  for  complex  ideas^  or  abftraft  and  general 
terms.  The  third  end  of  language  is  to  convey  the 
knowledge  of  things^  and  this  cannot  be  done^  but 
when  the  ideas  agree  with  the  reality  of  things*. 

Other  abufes  of  language^  not  noted  above^  are, 
ift,  AfFedled  obfcurity  J  and.  Taking  words  for 
things,  as  abhorrence  of  a  vacuumyjuhftantial  forms^ 
&c.  to  which  I  nriay  add,  taking  memory^  judgment^ 
imaginafiony  for  diftind  powers,  and  almoft  for  dif^ 
tin6t  beings,  inftead  of  what  they  really  are,  only 
different  modes  of  (M  mind's  afting  $  3dly,  Figu* 
rative  language. 

The  frequent  ule  of  abftraft  and  general  terms 
jmakesus  think  in  language  more  than  we  other- 
wife  fhould  do ;  yet  it  is  feldom  that  a  chain  of 
thought  is  carried  on  in  a  regular  chain  of  words,  as 
if  we  were  explaining  our  thoughts  to  another,  ua- 
Icfi  indeed  when  we  con  over  a  Ipeech  or  any  tranly 
a£tion  where  language  is  immediately  concerned^ 


*'  See  Locke^b.  ui.  c.  9. 
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Chap.    IX  *. 

OF    PLEASURE    AND    PAIN: 

Ptea/un  in  conjefuenei  of  JSionj^-^By  JJociation^^^Bj  Pi^amr^ 
Ut^ty, — Surfrixe.'-^Fariety.'-^Regtdarity.^^Imi^huaUm, 

*  'T*  O-  ezcke  us  to  the  aftions  of  thinking  and 
X    'motion  (fays  Mr.  Lxxzlce)  the  author  of 
nature  has  joined  to  feveral  thoughts  and  lenfr- 
tions  a  perception  of  delights,  mtiiout  this  we  ihoidi 
have  no  reafbn  to  prefer  one  thought  or  a^Sion  m 
another,  motion  to  reft ;   in  which  ftate  man^  how- 
ever furnilhed  with  the  faculties  of  underfiandiiig^ 
&c.  would  be  a  very  idle  inactive  creature,  and  pafi 
his  time  only  in  a  lethargic  dream.     Pain  has  tbe 
fame  effeft  (conrinucs  he)  to  fet  us  on  work  that 
plcafure  has ;  iince  we  are  as  ready  to  avoid  that  aa 
to  purfue  this.'* 

It  is  evident  that  pain  and  pleafure  are  relative 
terms^  expreflivc  of  an  alteration  in  the  ftate  of  die 
perfon,  bodily  or  mental,  ift.  Some  degree  of 
pleafure  or  pain  attends  almoft  every  imprefiion  on 
the  five  fenfes.  adly.  Relief  from  an  uneafy  fitua- 
tion  is  pleafure  J  thus,  the  wants  confequent  on  our 
natural  appetites  are  painful,  and  to  fadsfy  tfacm 
pleafant  t*    jdly.  The  recoUe&ion  of  the  ideas  of 

thoic 

*  At  this  chapter  the  fecond  part  of  this  Book  aHnmeDcev 
•r  that  which  treats  of  the  active  powers  of  man. 

f  The  appetites,  which  are  the  fprings  of  the  paffioos,  an^ 
Kimger,  thirft>  and  the  deiire  of  procreation.    The  bodily  lA 

fediott 
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tfaofe  thin^  whkh  arc  hurtful  to  the  body,  or  ideaa  . 
aflbciatcd  with  them,  is  produftivc  of  trouble  to  the 
mind,  and  the  contrary  *,  as  will  bc,amply  proved 
in  the  progrefs  of  this  volume* 

So  far  is  evident  from  experience.     To  afcertain 

the  nature  and  caufc  of  painful  and  plealurable;  icn^ 

iations  is  an  inquiry  of  fome  difficulty.    Anatomifts 

and  phyfiologifts  are,  I  apprehend,  very  generally 

agreed  in  one  point;  it  will  therefore  be  fufficient 

to  fubjoin  the  opinion  of  one  of  the  mofl  eminent^ 

clpecially  as  the  fubjcfl:  has  been  in  part  invefligatcd 

on  a  former  occafion  f.    *  All  I  fhall  afTume  {fay« 

Pr.  Monro)  is  what  is  founded  on  experiments, 

that  fenfation  and  motion  do  depcQd   upon  the 

nerves ;  that  fenfatiohs  are  pleafant  as  long  as  the 

nerves  are  only  gently  afFedted,  without  any  violence 

offered  to  them  i  but  as  foon  as  any  force  goes 

beyond  this,  and  threatens  a  folution  pf  union, 

it  creates  that  unealy  fenfation,  pain/  J 

If  we  examine  the  whole  of  human  life,  we  fhall 
find  almoft  the  whole  of  pofitive  pleafure  to  confift  in 
aftion  of  fome  kind.  Sleep  will  hardly  come  under 
the  denomination  of  pofuive  pleafure.  It  is  de- 
fired,  becaufe  it  produces  a  relief  from  wearinefs, 
jand  is  a  ftate  to  which  our  bodies  naturally  tend 

feAions  produ£live  of  pain  and  pleafure,  and  which  are  con- 
nefted  with  the  fenfe  of  feeling,  arc,  ficknefs  and  wearinefs, 
and  to  thefe  we  may  oppofe  the  feeling  of  health  and  vigour, 
and  the  fenfation  of  life,  or  the  pleafure  attending  the  moderate 
a^onof  our  fenfes. 

*  The  expreffion  of  pain  in  the  countenance  is  much  th^ 
^me,  whether  bodily  or  nuntalt  only  differing  in  the  degree^ 

t  See  book  ix.  c.  36. 

%  Chefeldea's  Anatomy^  chap.  Nerves^ 

K  k  3  ivhcil 


$02  fleajurefrtm  ASion.  [Bocdc  X« 

vfatn  fatigued ;  otherwiie  it  is  a  fiate  of  inicnSKr 
lity»  and  it  would  be  an  abufe  of  language  to  ca3 
It  pleafurc.    Some  imprcflions  arc  primarily  grate- 
ful and  others  diiagrecable.    That  the  painful  and 
difagreeaWe  arc  fuch  by  an  intenfc  degree  of  agiti^ 
tion>  which  ftrains  and  prejudices  the  organs  of 
ienfe,  is  probable.    It  is  alfb  probable^  tbar  de 
agreeable  follow  the  general  law  of  our  nature^  and 
arc  pleafing  on  account  of  the  gentle  yet  Erelf 
aftion  or  agitation  excited  in  us.     There  will  re- 
main litde  doubt  of  the  truth  of  this  do6trinc,  if  wc 
conGder  that  light,  and  heat  in  a  moderate  degrtt 
.  are  productive  of  pleafurc,  and  in  greater  quantities 
hurt  by  their  intenfenefs;  that  many  acids,  &c 
which, 'when  diluted,  are  agreeable  to  the  taile,  arc 
highly  painful  when  applied  pure  and  unmuLed*. 
In  fine,  abfolutc  reft  is  the  death  of  fenfe.     Motioo 
is  the  v,ery  charafteriftic  of  animal  life;  and  moft 
of  our  intelloElual  as  well  as  fenfiblc  plcafures  ftem 
to  depend  on  a  moderate  increafc  of  a&ion«    Re- 
calling an  old  idea,  which  is  conneded  with  a  train 
of  other  ideas,  is  'manifeftly  pleafing;  and  this  ap- 
pears to  refult  from  the  gentle  agitation  imparted 
to  the  organs  of  thought. "  f*  The  mufic  was  like 
the  memory  of  joys  that  arc  paft,  moum&l,  but 
pleafant,  to  the  fouL"    The  plcafures  of  the  imita- 
tive arte,  of  figurative  language,  of  the  fublimc^  die 

*  *'  There  is  no  one,  of  ever  fo  lictle  underftanding  in  wkit 
belongs  to  a  hitman  coailitution,  who  knows  nor,  that,  wit^ 
a£lion,  motiofi,  or  employment,  the  body  languifhes  ;  and  n 
6pprifled,  &c.*'  «<  In  the  fkine  manner  the  (enfible  and  linnf 
part,  the  foul  or  mind,  wanting  its  proper  and  natoral  cxcraTei 
js  burthened  and  difeafed,'*  &c« 
*•  •  ^      Sbafttjbtaj  Enj.  Con.  Kirtui,  b.  ii.  p.  iL  f-  i. 
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beautiful,  and  ftill  more,  thcpleafores  of  rarietf, 
will  meet  an  cafy  folucion  on  this  principle  *. 

Of  pains,  fome  arc  pofitive,  as  really  aflefting 
the  body  f ,  others  only  afFedting  the  mind  by  be- 
ing connedbed  with  painful  ideas  j  and  further,  pain 
is  generally  confequent  on  the  abfence,  or  depriva- 
tion of  pleafure  -,  that  is,  our  expeftacions  are  dif- 
appointcd,  and  we  are  robbed  of  the  pleafure  of 
hope,  for  we  are  ever  in  purfuit  of  pleafure ;  but 
the  pain  is  always  greater  in  proportion  as  the  ex- 
peftation  was  probable.     Thus,  there  are  many 
founds,  which,  though  very  diffonant,  fcarcely  give 
us  pain ;  yet  to  a  good  ear  the  fmalleft  diffonance 
in  mufic  is  ofFcnfive.    The  fame  may  be  obferved 
in  painting,  architcfture,  &c. 

Our  ideas  flowing  naturally  in  a  train,  whatever 
is  introduced  forcibly,  and  bearing  not  an  imme- 
diate connexion,  pains  the  mind,  becaufe  it  diftradts 
it  with  the  variety  of  ideas,  which  are  crouded  to- 
gether by  the  collateral  circumftances  introduced 
by  it,  as  well  as  thofe  depending  on  the  former  train 
of  thought. 

•  This  is  to  be  underftopd,  however,  as  nothing  more  than 
an  attempt  to  account  for  the  natore  of  pleafure  and  pain ;  andf, 
I  own,  it  appears  to  me  the  moft  rational  I  have  fcen.  The 
cftabliftimcnt  or  rcjeftion  of  this  dodlrinc  will  not  affcft  the  truth 
of  my  general  pri^iciples;  and  I  can  ftart  fairly  with  this  felf. 
evident  maxim,  that  pleafure  and  pain  arc  the  cff^fts  of  certain 
iropreffions  on  all  our  fenfes,  and  that  the  cravings  of  the  ap- 
petites are  painful,  and  the  gratification  of  them  admimftcrs 

pleafure. 

t'«  Since  the  pains  of  feeling  are  far  more  numerous  an4 

violent  than  thofe  of  all  our  other  fenfes  put  together,   the 

grcatcft  part  of  our  intelkaual  pains  are  dcduciWe  from  the|iu 

m^HartUy  on  3fan,  prop.  1 3. 
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Ap  impreffionj  which  was  painful,  will  lea¥c  a 
trace  qx,  idea  of  pain  behind  it,  and  a  plcafurable 
imp'reflion  an  agreeable  idea ;  thefe,  it  is  plain,  n^y 
be  excited  by  apy  of  the  affociated  circumftances. 
But    the  ftrongefl:  relation  is   that  of  cauiation. 
What  we  conceive  to  be  the  caufe  of  painful  or 
plcafurable  fenfations  will  be  intimately  combined 
with  thofe  ideas  s  and  hence  we  always  love  or  has? 
moft  vehemently  what  we  conceive   to  produce 
pleafure  or  pain.     But  as  the  principle  of  ailbda- 
tlon  is  not  confined  to  th^  relation  of  caule  and 
cfFc6t  alone,  jmy  other  circumftance  afibciated  by 
contiguity  of  time  or  place,  or  even  by  refemblance^ 
will  partake  of  the  paflTion.     It  is  well  known  that 
the  very  word  phyfic  conveys  a  difagreeable  idea  co 
children,  who  have  been  compelled  to  take  nau- 
fcous  draughts,  and  they  can  fcarcely  endure  the 
perfon  of  the  apothecary.     The  mention  of  parti- 
cular medicines  will  ibmetimes  excite  vomiting  in 
very  delicate  and  irritable  habits.     Some  medi* 
cines,  palatable  in  themfelves,  from  the  idea  of 
their  painful  effcfts,  we  naufeate. 

The  fenfible  plcafures  are  greater  in  number 
than  the  fenfible  pains.  Of  this,  waving  any  ab- 
ftraft  reafonlng,  luch  as  tlie  love  of  life,  and  the 
pleafures  of  habit,  any  man  may  be  convinced,  who 
will  be  at  the  trouble  of  enumerating  them.  Now 
our  intcUeftual  pleafures  and  pains  are  combina- 
tions of  the  fenffible,  and  of  courfe  our  pleafures 
will  be  more  numerous  than  our  pains.  Ideas  fcem 
to  have  a  fimilar  efFeft  on  the  mind  to  what  fome 
applications  are  faid  to  have  on  the  body,  which  arc 
fedatives  when  applied  in  large  quantities^  and  fti- 

nudants 
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mulants  in  fnian.    ^^  The  fight  of  tortures  chilly 
the  whole  foulj  and  produces  altnoft  a  total  ftagna* 
tion  of  thought  *  j"  but  relations  of  tortures  have 
never  any  fuch  effedt,  and  men  feciji  to  find  them 
agreeable,  by  the  avidity  with  which  they  liften  t(> 
them.    The  truth  is>  a  very  violent  mental  agita- 
tion is  required  to  produce  pain,  and  every  mode- 
rate agitation  will  produce  pleafurc :  a  proof  that 
the  intelleftual  pleafures  muft  bq  very  numerous, 
and  the  intelleftual  pains  very  few,     A  defcription 
of  a  ftorm  or  battle,  which  is  really  compofed  of 
painful  or  difagrecable  ideas,  will  excite  in  very' 
few  a  degree  of  agitation  which  arifes  to  pain,  and 
moft  people  experience  an  adlual  pleafure  from 
thefe  defcriptions.    The  very  deformities  of  nature^ 
a  rugged  and  frightful  hill,  or  a  ftorm  of  lightnings 
give  us  pleafure,  when  exadtly  copied  -,  and  we 
read  with  pleafure  even  of  ill  aftions,  and  fee  thq 
cruelties  of  tyrants  reptefented  on  the  theatre  with 
jft  kind  of  folemn  delight  j;.     This  can  only  refult, 
ift.  From  the  mental  agitation,  which  thefe  trains 
of  thought  produce,     adly.  From  fome  agreeable 
ideas,  which  may  be  connefted  with  the  train  of 
thought ;  for  the  mind  is  ever  ready  to  turn  and 
embrace  pleafing  aflfociations,  and  feldom  fond  of 

*  Gerard  on  Genius^  part  li.  f.  4. 

f  At  the  fabiiding  of  grief  there  is  a  certain  melancholy 
pleafure.  A  diftant  view  of  the  misfortunes  of  others  affords 
a  fimilar  fenfation ;  bat  they  produce  pain  if  they  touch  ut 
nearly ;  and  fome  hearts  are  fo  fufceptible,  that  they  are  moved 
oiuch  eaAer  than  others.  On  the  imagination  being  excited  to 
adion,  we  feel  a  moft  agreeable  fenfation  ;  and  it  is  a  common 
maxim  among  authors,  I9  leave  fomething  to  the  imagina<i 

|iOD« 
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purTuing  a  difagrccablc  train,  jdly.  Variety  s  |^ 
ncrally  connefted  with  rude  nature,  and  impa^ 
diaraders. 

The  pleafure  refuking  from  narratives  of  appa- 
ritions, enchancments,^  &c.  may  be  accounted  £)r 
on  the  fame  principles ;  and  6x>m  the  plcafuitc- 
tendant  on  them  rcfuits  the  eafy  belief  whicb  ids 
afford  to  fuch  fancies. 

The  pleafure  of  taUity  refults  from  the  idasrf 
pleafure  that  are  aflbciated  with  the  ends  oi  vsj 
work  or  undertaking.  Hence  theie  pleafunbk 
ideas  become  afTociated  with  the  emplojinrntiz^ 
Though  in  fome  inftances  this  effeA  may  be  coua- 
teraded  *j  the  general  principle  holds  nevertlide^ 

Irue* 

Fkafuit 

♦  *»  A  prifon  is  certainly  more  nfcful  to  ticpffWfccfafl* 
palace;  and  the  perfon  who  founds  the  one  it  gcnefaDjr  «• 
]«ded  by  a  much  jufter  (pirit  of  patriotifm  than  he  irAofca'* 
tKe  other.  But  the  immediate  effeds  of  a  prifon,  the  «•£»«• 
ment  of  the  wretches  (hut  up  in  it»  are  diiagreeahi^  tfif  ^ 
imagination  either  does  not  take  time  to  trace  out  the  renov 
ones,  or  fees  them  at  too  great  a  diftance  to  be  niocb  jWp" 
by  them." — Snath's  Theor.  Mor.  Stm.  part  L  f.  3.  c.  J. 

On  the  contrary,  we  may  add,  the  pleafare,  the  gaietf,  u* 
grcatnefs  of  thofc  who  inhabit  the  palace,  naturally  a^  ^ 
mind  with  pleafing  fentiments, 

«  Trophies  of  the  inftrumeats  of  mufic  or  of  agncultarti 
imitated  ii\  painting  of  (lucco,  make  a  common  and  an  >$^ ' 
able  ornament  of  our  halls  and  dining  roonu»  A  trophy  0*0* 
fame  kind,  compofed  of  the  inftruments  of  furgcryi  of  ^^' 
ing  and  amputation  knives,  &c«  wouM  be  abfurd  asd  ^^' 
ing.  Inftruments  of  furgcry,  however,  arc  always  more  v^ 
polifhcd,  and  generally  more  adapted  to  the  pnrpo/es  /or  «^«^ 
they  are  intended,  than  inftruments  of  agricultore.  T"^^- 
mote  effefts  of  them  too,  the  health  of  the  patient,  ii  ap^^^' 
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T^lcafurc  may  rclult  from  furprife  on  fevcral  ac- 

<:ounts«    The  agitation  which  a  moderate  furprHe 

occafions  is  agreeable ;  but  the  furprife  which  is 

\3nited  with  the  fatisfaftion  of  finding  ourfelves  jafc, 

after  fancying  we  were  in  tfanger^  is  ftill  more  ex- 

cjuifitej  and,  perhaps,  the  moft  exqtjifite  of  all  is^ 

when  we  find  occafion  for  felf  como^endadon^  as  ia 

Iblving  a  problem,  &c. 

The  pl^fure  o{  variety  fccms  t6  be  the  effeA 
chiefly  of  the  moderate,  and  yet  lively  agitation, 
which  fcveral  trains  of  thought  induce. 

Tliough  it  appears  from  all  that  has  been  latd^ 
that  gentle  agitation  is  in  general  produdtive  of 
pleafure,  yet  the  mind  has  likewife  a  natural  love 
of  eafe,  and  will  not  bear  much  fedguei  a  little 
exertion  loon  tires  it  1  for  this  reafon,  regularity  is 
plcafing,  and  the  contrary.    Wc  readily  embrace  a 
regular  figure  j  the  train  of  thoughts  flow  naturally 
to  the  different  parts j  we  comprehend  its  our 
mind  is  latisfied  with  it.    We  purfue,  with  a  kind 
of  cafy  emotion,  a  regular  feriesi  and  hence  it  is, 
that  men  have  been  fo  fond  of  reafoning  from  uni« 
verfal  axioms.    The  irregular  pleafes  in  the  works 
of  nature  from  cuftom,  and  the  ideas  conne£te(|l 
Vrith  them.     Neverthelcls,  where  the  end  is  plea- 
sure, we  may  lay  it  down  as  an  univerfal  rule^  that 

yet  as  the  immediate,  effeft  of  them  is  pain  and  fuffenDg,  thr 
fi^ht  of  them  always  difpieafes."*-/^. 

'<  Inftruments  of  war  are  agreeable^  though  their  imme- 
diate effed  may  feem  to  be»  in  the  fame  manner,  pain  and  fuf- 
fering;  but  then  it  is  the  pain  and  fuffering  of  oar  enemies, 
&c.  With  regard  to  us,  they  are  immediately  connefled 
with  the  agreeable  ideas  of  coj^rag^  viftoryt  and  hoooor,''— 
lb. 

aa 
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an  bbjeft  ought  to  poflcis  (biae  degree  of  varies, 
without  entirely  departing  from  chat  uoiformkf  i« 
love. 

The  pleaiiires  of  the  imagination  I  \uvt  aflcrtedo 
be  much  more  numerous  than  the  pleafures  of  fedt,' 
and  thefe  refult,  firfl»  from  whatever  of  die  bcaoo- 
iiil  is  poi&fied  naturally  by  the  objeds  ddcAixd 
adly.  From  the  aflbciadons  of  pleafure  orl^oailf 
deduced  from  the  fenfcs  with  other  ideas^ 
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CUAP.     X. 

or  LOVE   AND  HATRED. 

Defiuitiom  of  Love.^Origin  rf  Ab  SociiU  Pafflon.^^^DtJlih  ami 
Hatrid.^^D^/ire  and  A^verfion. 

LOVE  is  the  idea  of  pleafure  affociated  with 
another  idea.    Some  6f  the  firft  imprcflions 
of  pleafure  an  infant  receives  are  by  the  gratifica- 
tion of  its  appetites.    Its  firft  emotions  of  love  arc, 
therefore,  towards  the  being  that  fupplies  it  with 
'  food,  &c.  i  and  it  is  obfervable,  infants  never  fail  ia 
this  love.     The  idea  of  pleafure  is  in  reality  firft 
united  with  the  food  itfelf,  and  of  courfe  tranf^ 
ferred  to  it,  and  thence  to  the  objed  by  whom  it  ia 
fupplied.     AU  our  wants  are  fatisfied  (particularly 
in  our  tender  years)  by  means  of  our  own  Ipeciesi 
hence  the  moft  agreeable  ideas  are  united  with 
them,  and  fo  often  repeated,  that  in  time  the  love 
of  mankind  becomes,  in  a  manner,  a  neceflary  part 
of  ourfelves ;  and  from  this  fource  may  proeeed 
the  fecial  alFeftions. 

Difiike  and  hatred  are  the  oppofites  to  love,  and 
rcfult  from  the  idea  of  pain  combmed  with  another 
idea.  A  child  fhall  have  no  diflike  to  a  certain  me^ 
dicine,  till  after  it  has  produced  naufea,  or  fome 
painful  fenfation,  and  thenceforward  he  will  fcarcfcly 
liear  it  named  without  cxpreffing  his  averfion.  *. 

The 

*  The  idea  of  pleafure  being  annexed  to  a  thing,  conftitutet 
it,  as  we  fay,  good.  The  idea  of  pain  (either  immediate  or  re- 
lated) 


^ta  Sot^ees  ff  Defire^  [Booll 

Tlie  paiBons  have  been  analjrjeJ,  and  dios  re- 
duced CO  l<yoe  and  haired  by  fbme  of  the  (M 
writers  on  the  {ubjedt  now  extant.  It  is  cvidet; 
that  defire  and  averjion  are  the  fanne  pafSons  nui 
active*  Inanimate  things  may  be  the  objeds  i 
love  or  diflike,  "  The  houie  which  wchavcfajj 
Bved  in,  the  tree  whofe  verdure  and  (hade  wc  hivf 
long  enjoyed,  arc  looked  upon  with  a  Ibrtof  I^ 
fpeft  f."  The  Dryads  and  Lares,  a  fortofgcuflflf 
trees  and  houfes,  were  probably  firft  fuggcftedbf 
this  kind  of  affection. 

Defire  oy  the  fenlauon  of  want,  may  be  ci4ff 
fenfual  or  imaginary  j  it  may  be  fixed  on  the  pfa- 
fure  of  gratifying  an  appetite,  or  on  the  delight  ac- 
cruing to  the  eyes  or  ears  frpm  the  perception  of 
Beauty.     When  inftrudlion,  education,  or  pRju- 
dice  of  any  ki-^d,  raife  a  defire  or  averfion  towards 
an  objeft,  it  muft  be  founded  on  an  opinion  cffomc 
quality,  for  the  perception   of  which  wc  Have  tte 
proper  fenfes.     Thus,  if  beauty  is  defined  by  one, 
who  has  not  the  fenfe  of  fight,  the  defirr  m\ii^ 
raifed  by  fome  apprehended  regularity  of  l^^^i 
fweetnefs  of  voice,  fmoothnefs,  or  foftnefs,  or  ionic 
other  quality  perceptible  by  the  other  fenfes  (with- 
out relating  to  the  ideas  of  colour  %)  ^^  ^®  *^ 
commendation  of  others.     • 

feted)  evil.    *'  Thcfc  (as  Mr.  Locke  obfervcs)  arcthctog« 
en  which  the  pafilons  turn."    Sec  Locke,  b.  ii.  c  w. 

t  Smith's  Theory  Mor.  Sent,  part  ii.  f.  3.  c.  i. 

%  Hutchtfoft. 
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Chap.    Xh 

OF    BEAUTY. 

Cy  Beauty  in  general.'^^Origisutln'^Frm  4S^cuiim^^Naiur§ 
and  Art^    * 

WE  may  fay  in  general  of  beauty,  that  it  is 
fome  quality  in  objc6ts  capable  of  exciting 
unmixed  ideas  of  pleafure,  independent  of  the  gra- 
tification of  any  of  the  animal  appetites.  This 
definition  docs  not  differ  much  from  that  of  Plato, 
^^  To  i%  o\J^ift)c  x«i  axouijf  uJu  *."  Perhaps  we  give 
this  pre-eminence  to  the  pleafures  not  depending 
on  appetite,  as  they  are  the  moft  innocent,  and 
kail  liable  to  difguft  and  fatiety  f . 

The  principal  diftindion  between  the  pleafure 
afforded  by  fublime  objedts,  and  that  by  thofe  which 
we  term  beautiful,  feems  to  be,  that  the  latter  is 
pure  unmixed  pleafure  from  the  gentle  agitation, 
whereas  the  former  borders  upon  pain  (arifmg  from 
fome  compound  of  the  paflion  of  fear)  and  is  often 
not  unmixed  with  aftual  pain,  and  always  requires 
a  greater  exertion,  and  produces  a  more  violent  agir- 
tation  of  the  organs  of  fenfe. 

.    *  <*  The  plea&nt  to  the  fenfes  of  fight  and  hearing," — Platcv 
Hippias  major. 

f  lb.  fieauty  is  never  properly  applied  to  the  fenfe  of  tailing, 
as  it  feems  too  coarfe  an  enjoyment  to  be  reckoned  among  tho 
rational  ones, 
^  The 
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The  pleafure  afforded  by  rifiblc  objefts  *  is  not 
that  tranquil  pleafure  which  arifes  from  the  con- 
templation of  beauty,  neither  is  it  pure  or  un- 
-mixed  pleafure.  Contenipt,  or  fonie  painful  pafiion, 
is  generally  in,  fome  degree  compounded  wich*  the 
rifible  idea. 

The  primary  conftituents  of  beauty  fcem  all  of 
them  to  be  fuch  as  promote  gentle  agitation,  and 
thus  increafe  our  fente  of  life.  Such  are,  ift. 
Lively  colours,  where  they  are  not  fo  ftrong,  or  the 
application  fo  continued,  as  to  produce  pain  f .  The 
young  man  couched  by  Chefclden  thought  fcarlet 
the  moft  beautiful  colour,  and  of  others  the  gaycft 
gave  him  moft  pleafure.  The  firft  time  he  fa^ 
Hack  it  gave'  him  great  urteafinefs  J.  (idly.  Variety 
and  contrafts  of  colours,  where  the  tranfition  is  lively, 

•'  Rifibility  is  often  produftive  of  pleafure,  as  are  fome  other 
mfFeftions  which  havts  no  relation  to  what  is  called  beaotifal. 
Beauty  feems  moft  properly  applied  to  a  pleafing  idea  excited  by 
.fome  cxterrnal  objcft ;  but  moft  frequently  our  ideas  of  beauty 
urife  from  afibciations,  as  the  fenfe  of  propriety*  eafe.  Sec,  &c. 

f  **  It  is  evident  that  gay  colours,  of  all  kinds,  are  a  princi- 
pal fource  of  pleafure  to  young  children ;  and  they  feem  to 
ftrike  them  more  particularly,  when  mixed  together  in  various 
#ays."— i-Hartley  on  M.  Prop.  22. 

**  In  adults  the  pieafures  of  colours  are  very  languid  in 
c6mparifoii  of  their  prefent  aggregates  of  pleafure  formed  by 
aiilbciation .— Ibid . 

Green,  the  middle  colour*of  the  feven  priniary  ones,  is  moS 
grateful. 

I  Chefelden's  Anatomy,  p.  301.  The  boy  couched  by 
Chefeldcn  was  moft  pleafed  with  red,  perhaps,  becaufe  it  was 
the  completcft  exertion  of  his  newly  acquired  faculty.  He 
dr&aded  llacJt,  probably,  becaufe  it  reftored  him  to  his  former 
ftate,  and  was  in  faA  a  partial  negation  of  fcnfe. 

*  widiout 
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without  being  too  abrupt.    Females  of  tafte  make 
much  ufe  of  this  principle  in  the  choice  of  their  or-* 
naments  of  drels.    jdly.  Certain  founds  and  com- 
binations of  them,  analogous  tothofe  of  colour  juit 
mentioned.    4thl]r,  Flowing  eafy   motion,  with- 
out that  violence  which  gives  a  double  fenlation  of 
pain,  viz.  befides  the  harih  efieft  to  our  fenies, 
an  ailbciated  pain,  by  putting  ourfelves  in  the  place 
of  the  objeft.     5thl7>  The  agitation  which  a  water- 
faU,  a  varied  prolpeft,  or  an  high  afcent,  produces, 
may  be  a  fource  of  that  kind  of  pleafure  we  afcribe 
to  beauty^  even  independent  of  the  ailbciated  ideas. 
Hence  it  follows,  that  figures,  which  poflefs  variety 
without  any  thing  harfh  or  abrupt,  the  waving  line, 
tunning  water,  and  many  of  thole  conftituents  of 
beauty  remarked  by  painters,  are  naturally  and  pri- 
marily fuch.    Thcfc  when  fo  difpofcd  as  not  to 
contradift  any  attachment  eftablifhed  by  cuftom, 
and  ftill  more  when  they  coincide  with  it,  as  when 
nature  is  imitated  in  a  fine  landicapc,  or  defcribed 
in  a  poem,  never  fail  to  give  pleafure ;  and  hence, 
it  appears,  that  authors  have  miftaken  who  have 
defcribed  that  which  is  moft  fit  and  regular  as  the 
fnoit  beautiful    Admitting,  in  the  inftance  adduced 
by  Plato  *,  that  the  wooden  fpoon  might  be  moft 
ufeful  and  proper  j  yet  if  even  the  value  is  fct  afidcj^ 
I  apprehend  the  golden  one  would  be  alloMfcd  to 
po^efs  the  moft  intrinfic  beauty. 

The  aflbciations  that  arife  originally  from  die 
pleafures  of  fenfe  may.  bec9me  fo  diftant,  that  we 
lofe  fight  of  their  origin  %  and  to  an  objed  in  this 

•  Hippias  Vi^]. 
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cafe  conveying  plcafurc,  men  univerfally  affigpAe 
epithet  beaudfuL     Though  it  is  prob^lc,  thatrooft 
frequently   fomc  of  the  primary    conftituents  i 
beauty  will  be  compounded  with  it,  and  of  tie 
mixed  nature  arc  moft  of  the  objcfts  we  denooii- 
nate  beautiful,  as  a  fine  houfe,  a  landicape,  a  rus- 
ning  horfe,  &c.   On  this  account  it  is  worth  ob- 
ferving,  we  often  find  a  whole  to  poffefs  beauty, 
which  by  no  means  refides  in  the  conftitucnt parts*. 
The  fimple  conftituents  of  beauty  have  but  fink 
infiuence  when  put  in  competition  with  ^  dc&f 
of  gratifying  the  appetites,  or  the  fear  of  pain;  » 
ilJuIVrate  this,  I  fliall  only  mention  a  univerfal  and 
common  prejudice.     There  is  nothing  really  de- 
formed in  ferpents ;  on  the  contrary,  many  of  the 
acknowledged  conftituents  of  beauty,  fijch  asiVc^T 
colours,  variety,  &c  are  found  in  them;  yctfcwi 
a  knowledge  of  their  noxious  properties  we  cannoc 
by  any  means  bring  ourfelvcs  to  view  them  with 
that  pleafurc  which  beautiful  objefts  ought  to  lo- 
fpire.     An  objeft  which  is  beautifiil  will  m^^ 
virtue  to  every  thing  connefted  with  it.    Things 
prepofterous  and  deformed  in  themfeivcs  ^rtK- 
eonciled  to  us  when  worn  by  a  bcatiriful  periooi 
and  hence  fafiiion  derivts  its.extcnfive  influeDCc 
On  the  contrary,  what  is  worn  by  ruftics  is  W- 
'  fcned  in  our  eftitnation  by  the  awkwardncfs  of  the 
wearer.     Men    admire  the  very  defe<Jbs  oim 
miftreffes,  and  often  judge  of  beauty  by  their  pe- 
culiarities. 

•  •     •  Hippias  Maj.  ad.  fin. 
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*^  Axnatorem  quod  amies 
**  Turpia  decipiant  coecum  vitia  aut  etiam  ipfa  hsc 
'*  DeleAant ;  veluti  Balbinuai  polypus  Hagnx  •." 

Hence  we  may  in  a  great  mcafure  account  for. 
both  the  uniformity  anddiverfity  of  tafte  prevalent 
among  mankind.  Thert  are  fome  objcfts  and  qua- 
lities, which  intcreft  and  are  pleafing  to  every  man  ; 
others,  with  mcn^ differently  circumftanced,  receive 
a  colour  from  other  ideas,  with  which  they  may 
be  connefted.  The  human  form  is  the  moft 
pleafing  of  all  forms  to  every  man,  becaufe  from 
fociety  he  has  derived  all  his  choiceft  pleafures ; 
but  whether  white  or  black  is  to  be  preferred, 
whether  an  aquiline  or  a  flat  nofe,  will,  perhaps, 
depend  on  early  aflbciations  to  determine. 

The  influence  of  aflbciation  over  our  fenfe  of 
beauty  is  further  obvious  in  this,  that  fcarcely 
any  man  exifts,  who  does  not  annex  to  particular 
fets  of  features  good  and  bad  moral  ideas  \  and  thcfe 
will  probably  be  drawn  from  particular  perfons. 
I  knew  a  Celebrated  painter,  whofe  beft  hiftorical 
figures  all  bore  fome  refemblance  to  himfelf ;  and  . 
others  have  been  known,  who  confl:antly  copied 
their  own  wives  as  the  perfeftion  of  beauty. 

Rural  beaudes  are  fo  compounded  of  the  primary 
conftituents  of  beauty,  united  witk  fo  many  things 
that  gratify  our  appetites  and  fenfes,  together  with  ^ 
many  complex  pleafures,  fuch  as  fport^  and  paf* 

•  The  drefs  of  a  judge  or  a  clergyman^  even  when  fccn  oa 
the  ftage>  is  accounted  elegant  and'refpedablej  and  Aiggeils  cor- 
refpondent  ideal. 

L  1  %  times. 
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timcSi  the  amorous  pleafures,  &c.  that  it  is  m 
wonder  thcfc,  with  the  encomiums  of  otfaen^ 
which  have  always  an  influence  on  imitative  ara- 
mals,  ihould  make  them  the  almcA  unceafing  theiDe 
of  poets.  Of  the  beauties  of  art  I  fhall  treat  in 
another  chapter. 


1 
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Chap.    XIL 

of    custom. 

Fain  from  Cuftom^^pkafure^^Admiration. 

TW  O  obfervations  natundly  occury  when  we 
contemplate  the  force  of  cuftom :  ift.  That 
when  we  have  been  long  ufed  to  ice  two  things  to- 
gether, we  do  not  with  perfeft  pleafure  endure  to 
behold  them  feparate.  This  is,  in  truth,  a  fpecies 
of  difappointment.  The  idea  appears  incomplete ; 
there  is  a  want,  and  a  painful  fenfe  of  want.  Thus 
a  cow  with  but  one  horn,  or  a  dog  with  one  ear^is 
adifagreeable  object,  though,,  doubtlefs,  ifthey  ha4 
been  created  with  but  one,  two  would  have  beea 
accounted  a  deformity. 

tdly.  It  is  commonly  reaurked,  that  cuftom 
will  make  us  love  aloioft  any  thing,  and  will  rc« 
concile  us  to  aknoft  any  condition.  The  force 
of  cuftom  here  feems  to  depend  endrdy  on  the 
principle  of  aflbciation.  We  have  already  tutn 
that  pleaiures  are  more  abundant  than  pains.  There 
is,  therefore,  fcarcely  any  ftate  in  life,  which  will  . 
not  be  produftive  of  many  agreeable  ideas  1  thefe 
ideas  become  conneded  with  the  objeds  and  ac** 
tions  which  have  occurred,  while  they  have  re- 
mained imprefled  upon  the  mind  s  the  idea,  there- 
fore, that  imparted  the  pleafure,  and  the  other  idea, 
will  become  blended  together ;  nay,  the  fenfe  of 
pleafure  will  be  transferred  from  the  former  to  the 

J^  1  y  latter^ 
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latter,  ib  that  it  may  recur  united  with  a  fcnfcof 
pleafure,  even  when  the  objed  that  originally  im- 
parted the  pkafure  is  foigotten.  Thus  it  is  not  at 
all  uncommon  to  hear  perfbns  (peak  in  rapturous 
terms  of  their  paft  fituatioo,  when  it  is  impoflS^ 
for  them  to  recount  the  reafons  why  it  was  fb  agree- 
able  ;  or^  if  they  were  to  attempt  to  recount  them, 
they  would  probably  not  aflign  the  true  cauiei 
AAions  and  things  in  themielvcs  indififercnt  tbm 
borrow  pleafures  from  others,  and  by  this  meos 
attach  us  to  them,  as  we  have  fecn  that  ia(hioo% 
without  any  one  original  principle  of  beauty,  nayi 
even  deformed  in  themfelves,  obtain  rclped  vA 
admiration  from  the  beauty  of  the  wearer. 

It  is  thus  that  card  playing,  and  fomc  otfacrii- 
bitual  vices,  not  in  themlelves  pleafant,  acquire  aa 
empire  over  us/  The  defire  of  imitating  others 
has,  wc  will  fuppofc,  been  our  firft  motive  for  co^ 
gaging  in  them ;  they  have  been  united  in  die 
courfe  of  our  purfuing  them  with  the  pleafures  or 
ibciety,  the  occaGonal  gratification  of  avarice,  the 
plcafure  of  furprife,  &c.  and  thus  afterwards  ip* 
pear  as  pleafant  themfelves  from  their  borrowed 
luftre. 

Whether  the  love  of  life  itfelf  is  an  innate  pria- 
ciple  has  been  difputed  \  for  though  in^ts  Br 
pain,  yet  they  have  no  apprehcnfion  of  death,  ^ 
reafgn  has  fo  far  made  a  progrcfs,  as  to  inform  tteti 
that  it  is  connedcd  with  pain,  and  life  with  haj^incfi- 
The  love  of  life  is  generated  from  the  fenfc  of  plca- 
fure refulting  from  the  goods  we  poiiefs  in  it;  ^ 
this  affords  no  inconfiderabie  proof  that  the  goodie 
the  world  overbalances  the  evil.  So  ftron^y>  ^ 
.    9  dccdi 


Ghap.  1 2.]  National  CharaSfer,  515 

deed,  are  the  ideas  of  life  and  haj^incfs  aflbciated, 
that  mott  men  would  rather  live  miferable,  than  not 
live  at  all :  thus  again  we  fee  that  an  aflbciated  af- 
fe6lion  may  overcome  and  counteraft  the  natural 
I        effedtions,  and  even  thofe  that  gave  it  birth. 

It  will  be  unneceflary  to  add  any  more  in  this 

I        place  on  this  fubjeft,  or  to  endeavour  to  prove  more 

at  large  the  influence  of  cuftom.     To  a;i  attentive 

\        reader,  many  fafts  throughout  the  remainder  of  this 

i        work  will  occur  to  confirm  it,  and  almofl:  all  that 

has  been  faid  of  a  fenfe  of  beauty  derived  from  aflb- 

I         ciation  will  apply  likewife  to  moral  beauty  *.     It  is 

X        obfervable,  that  every  nation  and  every  age  has  a 

fafliion  in  thinking  as  well  as  in  drefs ;  and  the 

;         whole  cafl:  of  thinking  will  be  more  uniform  than 

;         men  ufually  fuppofe.     The  fports  of  nations  par- 

I         take  of  the  nature  of  their  government,  and  their 

political  prejudices  and  interefts.     Gladiators  and 

mock  battles  were  the  favourite  amufcments  of  the 

warlike  Romans. 

Men  love  what  is  uncommon  at  firft,  bccaufc 
what  produces  mental  agitation  produces  pleafure  i 

*  "  In  the  rcign  of  Charles  II.  a  degree  of  Hccntioafnefs  was 
deemed  the  charadleriilic  of'  a  liberal  education.  It  was  con- 
ne6led»  according  to  the  notions  of  thofe  times,  with  generofity, 
fmcerity,  magnanimity,  loyalty,  and  proved  that  the  perfon  who 
aded  in  this  manner,  was  a  gentleman,  and  not  a  puritan.'^— 
Smith's  Th.  M.  S.  pt.  6.  f.  2. 

In  the  fame  manner  as  you  are  induced  to  love  and  imitate 
whatever  is  conncdled  with  a  pleafurable  or  beautiful  objedl,  you 
will  endeavour  to  avoid  what  is  connected  with  pain  or  de- 
formity. Hence  men  often  adl  in  extremes.  Lord  Bolingbroke 
aiTerted,  that  what  firil  gave  him  a  didaHe  to  religion,  was  the 
puritanic  feverity  in  his  own  family. 

L 1 4  and 
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and  there  is  ho  paflion  produces  to  much  meiial 
agitadon  vidiin  the  £miti  of  pleafiire  as  admka- 
don  I  dicy  afterwards  expeft  a  renovation  of  tfast 
pieafure5  which  was  only  the  effeft  of  iurpri&s 
and  often  the  very  rccolledion  of  chat  pleaiure  wiQ 
keep  alive  the  paflion,. 


Cbak 


\ 
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Chap.    XIII. 

THE     PASSIONS. 

Of  the  PaJSons  in  genend.^^Particular  PqHtons.^^AffocUaei 

IT  may  prove  of  the  highcft  importance  in 
morals  to  analyze  the  feveral  afit£lions  and  pa£- 
lions*  The  general  caufe  has  been  already  traced 
to  the  finiple  fenfe  of  pleafure  and  pain;  we  have 
leen  further  what  it  is  that  is  called  a  fenfe  of 
beauty*;  and  now,  from  the  feveral  modifications 
and  combinations  of  thele,  we  fliall,  perhaps,  be 
able  to  form  at  leaft  a  conje£hire  how  other  more 
complex  pafllons  come  to  be  formed. 

Love  having  been  proved  to  proceed  from  an 
idea  of  pleafure  combined  with  another  idea^  and 
difUket  or  hatred,  from  an  idea  of  pain  combined 
in  the  fame  manner  i  deftre  and  aver/ton  have  been 
(hewn  to  be  no  other  than  thefe  pallions  more  ac- 
tively exerted.  Love  in  the  extreme,  without  dc- 
firey  is  admiration.  Defire,  when  applied  to  the 
gratifying  of  certain  natural  wants  of  our  bodies,  is 
called  appetite.  Joy  is  the  poflefllon  of  a  thing 
lovedi  a  lively  fenfe  of  prefent  good.  Grief  is  a 
fenfe  of  dilappointmcnt,  or  good  loft.  Fear  is  the 
fenfe  of  pain,  or  averfion,  united  with  grief,   jinger 

*  Hartley  denominates  the  pafSons,  **  aggregates  of  the 
ideas,  or  traces  lof  the  fenfible  pleafares  and  pains."  Howr 
the/  Secome  united  into  the  moft  common  affedions  it  is  our 
buibefs  to  explain. 

is 


512  And^ts  of  £BocdcX 

is  an  extxeme  of  avcrfion,  united  with  a  dcfire  taf 
removing  the  object..    Revenge  is  a  condnuaooc  cf 
anger*     £>iT{y  is  anger  excited  through  the  define  d 
poflcfling  what  another  man  is  pofiefled  of.    Hstrd 
is  the  continuance  of  envy  or  rcfentmcnt.    l^fpe  5 
a  mixture  of  defire  and  joy.  Fridt  is  felf-fatisfa^SicDj 
and  is  to  ambition  what  joy  is  to  defire.     Cnaemft 
is  a  low  degree  of  hatred  or  averfion,  without  aar 
mixture  of  anger  or  of  envy.     Curiqfity  is  defire  ex- 
cited by  the  natural  love  of  aftion,  often  ftimulatcd 
by  appetite,  or  quickened  by  the  love  of  beaisr. 
Shame  is  fear  arlGng  from  the  focial  affections  s  that 
is,  a  fear  of  having  done  fomething  that  may  \cKak 
us  in  the  efteem  of  others  j  it  is  the  oppofite  of /^ 
nity.    Be/pair  is  nothing  but  an  excels  of  griet 
Perhaps  the  annexed  fcheme  may   contribufic  to 
elucidate  the  progrefs  of  the  pai&ons« 


Pain*— ATtrfion  to  an  irratiooal  obj«^l**Hatred  to  a  ntional  <>ljeft^»Ggicfei^afi>"JV^?^ 
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There  is  fcarccly  any  fuch  thing  as  a  (impic 
paflioh ;  even  thofc  which  I  have  here  Ipecified  are 
generally  compounded  with  each  other.  Whatever 
t  Ideas  are  predonninant  will  determine  the  bent  of 
I  the  paffion,  much  depending  on  the  peculiar  tone 
i  of  the  organs  at  different  timcsr.  Some  paffions 
;  more  eafily  mix  than  others. 

Paflions  naturally  terminate,  when  dieir  end  is 
,   accompliftied.     This,  however,  does  not  happen 
;   in  all  cafes.    It  was  remarked,  that  an  impreffion, 
^    as  it  is  more  vivid,  remains  proportionably  longer 
;    on  the  organ  of  fenfe;  all  the  component  fimplc 
I    parts  of  it  are  more  ftrongly  imprefled,  and  it  is 
affociated  with  a  greater  number  of  ideas.     Im- 
preflions  accompanied  with  pain  or  pleafure  are 
.more  vivid  in  proportion  to  the  degrees  of  pain  or 
pleafure,  and  fuch  we  muft  remember  are  all  paf- 
lions.    Thefe  impreffions  and  ideas  arc  of  courfe 
fnore  vivid  than  any  others,  of  courfe  affociated  with 
a  greater  number  of  ideas,,  all  of  which  will  ferve 
to  recall  them,  and  thus  a  paffion  becomes  the 
caufe  of  its  own  continuance,  and  by  this  means 
influences  our  train  of  thinking. 

From  what  has  been  Hated  it  appears,  that  paf- 
fions are  transferable  from  one  objedl  to  another. 
An  idea  being  often  repeated  with  an  idea  which 
we  love,  and  which  of  courfe  gives  us  pleafure,  we 
come  at  laft  to  love  the  idea  which  was  at  firft  in- 
different. What  is  more  common  than  to  love 
the  children  of  thofe  whom  we  efteem,  and  that  for 
no  merit  or  beauty  in  the  children  themfelves  ? 
In  parental  love,  the  paffion  is  in  part  transferred 
from  fcif  to  the  offspring.     The  mother,  during 

her 
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her  pregnancy,  connects  the  idea  of  the  infant  in 
her  wonnb  with  a  number  of  agreeable  ideas^  with 
pleailire  and  with  hope  j  hence  maternal  love  is 
ftronger  at^firft  than  paternal.  The  idea  of  duty, 
tand  the  example  of  others,  tend  to  increafe  the 
paflion;  afterwards  cuftom,  and  the  little  caret 
about  them.  It  is  obfervable,  that  the  love  of 
parents  is  weak  at  Rrft ;  but  love  rufhes  in  by  litde 
aflbciations  as  from  a  thoufand  fourc6s. 

On  this  principle  depend  fome  of  the  ftrongcft 
efFeftions  that  fway  the  human  race.  Every  deiire^ 
for  inftance,  is  attended  with  a  degree  of  uneall* 
nefs ;  to  remove  it,  therefore,  is  pleafure.  Now, 
when  men  once  perceive  certain  agreeable  confc- 
quences  from  obtaining  an  objeft,  a  defirc  of  ob- 
taining it  enfues ;  this  defire  will  be  liable  to  be 
renewed,  and  will  be  renewed  (imply  as  a  deiirc, 
.  without  any  retrofpeft  to  the  firft  motives.  This 
is  evidently  the  cafe  in  avarice,  where,  dropping 
the  immediate  fleps  between  money  and  happinefs, 
men  form  a  conne6bion,  which  does  by  no  means 
naturally  and  immediately  exift,  and  love  the  trea* 
fure  for  its  own  fake.  "  The  fame  might  be  ob- 
ferved  concerning  the  third  of  knowledge,  the  de- 
light of  reading,  planting,  &c.  Thefc  were  firft 
entered  on  with  a  view  to  fome  farther  end,  but  at 
length  become  habitual  amufements  i  the  idea  of 
pleafure  is  aflbciated  with  them,  when  the  firft  rea- 
fon  is  quite  vaniflied  out  of  otu*  minds  j  nay,  we 
find  this  power  of  aflbciation  fo  great,  as  not  only 
to  tranfport  our  paflions  and  afFeftions  beyond  their 
juft  bounds,  both  as  to  intenfenefs  and  duration,  but 
alfo  to  transfer  them  to  improper  obje&s,  a^d  fuch 

as 
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as    are  of  a  quite  different  nature  from  thoTe  to 
'which  our  rcafon  had  at  firil  dircfted  them  ♦." 

I  fliall  clofc  this  (ketch  of  the  pa/Eons  by  a 
Ihort  account  of  fympathy  or  focial  afFeftion,  and 
afterwards,  by  the  hiftory  of  thofe  nnoft  powerful 
incentives  to  aftion,  avarice,  ambition,  and  the 
pafllon  of  love  between  the  different  kxcsi 

The  pleafures  of  fympathy  are  generated,   ift, 

by  that  love  to  our  fellow  creatures,  which  is  the 

c£Fe6t  of  early  obligation  f.      adly,  Bccaufe  the 

fight  of  any  enjoyment  excites  in  us  the  pleafurablc 

ideas  of  that  enjoyment,  and  unlefs  tnvy  interferes, 

thefe  will  ever  have  their  due  effeft.     Thefe  feeU 

ings  are  increafed  by  the  praife  diat  is  beftowed  on 

benevolence,  &c.  and  the  hope  of  reward  in  an- 

•    other  life.     Sympathy  in  the  misfortunes  of  others 

has  a  double  effcft;  when  beheld  at  a  diftance,  as 

in  theatrical  rcprefentations,  I  believe  moft  men 

find  fomcthing  rather  pleafing  than  othcrwife  in 

them,  and  this  arifes  from  the  pleafure  that  attends 

moderate  emotion,  evfn  though  derived  from  a 

painful  fource-     In  perfons  of  very  delicate  fenfa- 

tions,  this  affcftion  often  degenerates  into  adbual 

pain  J  and  on  beholding  real  woe,  it  is  fuch  to  all 

who  retain  the  common  charafteriftics  of  humanity. 

Companion,  or  the  defire  of  relieving  diftrefs,  is  no 

•  Prelimrnary  Diffcrtadon  to  Law's  Tranflation  of  King's 
Origin  of  £viK 

t  The  focial  pleafures  and  afFedlions  may,  as  Dr.  Hartley 
obferves,  be  riiuch  indebted  for  their  increafe  to  the  pkafures 
of  the  palate.  Since  it  has  been  cuftomary  in  all  ages  to  faiisfy 
our  appetites  in  the  company  of  our  neareft  conncaions,  the 
idea  of  pleafure  will  become  combined  with  them. 

other 
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other  that!  a  wifli  of  removing  pain.  The  light 
of  a  wound  excites  immediately  ideas  of  pain  in  bur 
mindsj  and  we  feel  a  fcniatiqn  of  the  fame  nature 
(though  weaker)  according  to  our  memory  of 
fimilar  pains,  or,  as  we  by  defcription  judge  of 
th«m,  from  the  pains  that  we  realiy  have  felt.  To 
relieve  diftrefs,  therefore,  is  aftually  taking  off  pain 
from  ourftrlves;  to  the  aft  of  relieving  we  give  the 
name  genercfJy.  '  The  idea  of  the  pleafure  is  after-=- 
wanls  excited  by  hearing  of  an  a6t  of  generolity, 
nay,  is  aflbciated  with  the  very  word  itfelf,  the  men- 
tion of  which,  I  believe,  in  mod  people,  excites 
a  grateful  fenfation.  By  thefe  means,  the  virtue  of 
fympathy  may  be  conftantly  maintained,  and  every 
amiable  pafllon  cherilhed. 

It  has  been  already  intimated  whence  the  pafllon 
of  avarice  derives  its  origin.  The  natural  wantsr 
of  man,  it  is  true,  arc  very  few;  yet  in  the  prelent 
ftate  of  focicty,  thefe  wants  are  not  to  be  fupplied 
without  fome  exerdons  on  our  own  parts.  The 
firft  defign,  then,  of  human  beings,  is,  to  acquire 
fuch  a  competence  as  will  fatisfy  the  calls  of  nature. 
But  obfcrve  what  habit  does.  By  a  continued  pur-» 
fuit,  we  grow  eager  in  the  chace ;  the  firft  objeft  is 
loft  fight  of;  we  annex  the  idea  of  pleafure  to  the 
means  or  the  inftruments,  and  fancy  riches  have 
fomething  in  themfelves  defirable.  A  pafilon  dif- 
ferent from  the  firft  is  now  generated ;  one  man's 
example  imparts  frefti  vigour  to  another,  and  the 
end  of  life  is  forgotten  in  the  ardour  of  an  ima- 
ginary purfuit  *.   When  the  idea  of  pleafure  is  on€« 

•  M  Et  propter  vitam,  vivendi  penlcre  Cftafa5."-^jav« 

transferred 
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transferred  thus  to  the  inftrumcnt,  we  fee  a  child 
prefer  a  piece  of  money  to  many  adtual  gradfica* 
tions  that  might  be  enjoyed  immediately.     I  knew 
a  covetous  man>  who  hired  a  very  uncomfortable 
large  houfe,  a  third  part  of  which  he  did  not  in* 
habit>  becaufe  he  thought  it  a  good  bargain  to  pro- 
cure an  houfc  of  that  fize  at  the  fame  rate  as  a 
fmaller.     The  fame  man  left  a  pleafant  farm  and  a 
good  eftate,  and  bought  a  commiflion  in  the  army, 
purely  becaufe  he  could  procure  it  at.  a  cheap 
rate. 

'^  Avarice  is  checked,   ill.  By  the  ftrong  defircs 
of  young  perfons,  and  others,  after  particular  gra- 
tifications-    adly,  By  confidering  the  infignificancc 
-  of  riches  in  warding  off  death  and  difeafes,  alfo 
fhame  and  contempt  in  many  cafes  -,  and  in  obtain- 
ing the  pleafures  of  friendfhip,  religion,  &c.    3dly, 
By  the  eager  purfuit  of  any  particular  end,  as  learn- 
ing, fame,  &c.  *.**     We  may  obferve,  that  avarice 
is  only  the  paffion  of  little  minds,  and  will  be 
chiefly  predominant  in  uncultivated  perfons,  whofc 
attention  cannot  be  drawn  froni  it  by  nobler  pur- 
fuits ;  and  in  old  people,  whofe  fenfual  paflions  arc 
decayed. 

Ambirion  feems  to  be  founded,  ift.  On  the 
hatred  or  averfion  to  poverty,  and  all  its  concomi- 
tant difadvantages  and  inconveniencies.  adly,  On 
the  experience  that  we  are  indebted  to  our  fellow- 
creatures  for  many  conveniencies  of  life;  and  from. 
the  habit  generated  even  in  children,  of  endeavour- 
ing to  plcafc.thcm,  in  order  to  obtain  many  objefts 

♦  Hartley,  prop.  48. 

of 
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of  pleafure  t6  our  ienfes«  3d!7^  Many  of  the  con- 
fiituents  of  natural  and  artificial  beauty  are  pofleflcd 
by  thofe  in  high  ftations,  we  therefore  annex  plea- 
furable  ideas  to  thofe  ftations^  and  love  them  on 
that  account.  4th)y,  Cuflom^  and  the  words  ufual 
in  commendation,  being  applied  to  fuch  perfon% 
increafe  the  pafTion. 

Ambition  will  take  a  different  courfe,  according 
to  the  difpofition  or  cafl'  of  thinking  in  difierent 
.  perfons*  Thus  if.  a  man  is  habitually  fenfual,  his 
ambition  will  ftill  have  an  inclination  towards  what 
may  gratify  his  appetites.  One  man,  perhaps,  from 
education  or  example,  has  acquired  a  habit  of  ad^ 
miring  fine  cloaths ;  another,  from  natural  timidity^ 
avoids  (hame  and  poverty.  Commonwealths  pro- 
mote ambition  of  a  difFcrent  kind  from  th^t  which  15 
prevalent  in  monarchy.  Ambition  takes  a  different 
courfc,  according  to  the  time  of  life.  It  is  to  be  re- 
marked, that  the  primary  conftituents  of  this  paf- 
fion  (as  indeed  in  all  others)  will  be  obfcured 
fometimes  by  the  aflrociatcd  afFeftions.  The  praifc 
beflowed  on  the  heads  of  certain  feds  of  philofb- 
phers  led  many  men  to  dcfpife  the  natural  objects 
of  ambition,  riches  and  pomp;  and  the  natural 
diflike  to  poverty  and  dirt  was  fubducd  and  for- 
gotten. 

The  pafTion  of  love  (and  efpecially  between  re- 
fined perfons)  is  of  a  very  complex  nature,  and  far 
removed  from  the  fenfual  appetite,  with  which  it  is 
fometimes  even  very  flightly  connefted.  It  is  a 
well  known  fadb,  that  an  accomplifhcd  woman  of 
.  fortui\c  and  family  run  off  fome  years  fince  with 

\  an  Italian  eunuch,  whom  fhe  married   for  love. 

\  The 


T^he  truth  isf,  that  beficjps  the  appetite,  the  fecial 
f^afIion>  as  before  explained,  and  this,  heightened  by 
the  protedion  a  weaker '  perfon  feems  to  claim 
from  usi  the  fenfe  of  beauty  \  adrhiration  of  par- 
ticular accomplifhments  ;  the  refpeft  due  to  high 
birth  or  fortune;  the  commendation  of  others,  and 
habic,  in  many  relpcftsjconcur  more  or  kfs  to  form 
the  paflion^ 

Men  of  the  world  are  all  of  them  fenfible  what 

fuccefs  may  be  derived  frOm  a  pleafurable  ftate  of 

mind,  in  which  the  objcft,  whom  they  wifh  to  pleafe, 

may  happen  to  be.     On  this  account  they  ftudi- 

oufly  mingle  in  all  the  pleafures  and  arnufcmcnts, 

of  whatever  kind,  in  which  that  perfon  is  found  to 

delight.      It  is  a  maxim   of    Lord   Chefterfield, 

"  Make  a  perfon  in  love  with  themfelves,  and  they 

^x€  certain  to  love  you  in  return  *.''     The  plea- 

fOre  of  receiving  gifts  is  dircftly  connected  with  the 

objeft  that  bcftows  them ;  where  prefents  cannot 

be  made,  praife  and  commendation  are  the  ordinary 

means,  and  if  their  fmcerity  is  not  doubted,  feldom 

fail  of  fuccefs.     I  queftion  nor,  but  it  might  almoft 

fecure  the  fuit  of  a  lover  to  be  the  meflcnger  of 

fome  very  agreeable  piece  of  intelligence  to  his 

miftrefs.     Pleafurable  ideas,  we  know,  are  naturally 

connected  with  perfonal  beauty,  riches,  high  birth, 

great  qualities,  or  fame.  Some  impoftors,  under  the 

rtalk  of  being  perfons   of  rank,   have  infinuated 

themfelves  into  the  good  graces  of  females ;  nor 

could  the  difagreeablc  ideas  naturally  annexed  to 

•  One  of  our.  comic  writers  prcfcribcs,  that  a  man  muft  firft 
make  a  woman  a  fidend  before  he  ventures  to  appear  as  a  lover. 

Vol.  III.  M  m  faUhood 


J  JO  ho^Ci  [Book  X* 

falfhood  and  deception,  afterwards  vanquilh  the  at- 
tachment. In  fine,  if  by  any  means  a  man  can 
become  the  affociate  of  agreeable  ideas,  on  the 
principles  every  where  proved,  I  think,  throughout 
this  book,  he  may  foon  hope  to  obtain  a  part  in 
the  afFeftipns  of  his  miftrel's  i  and  this  may  fcrvc 
to  account,  in  fome  meafure,  for  the  many  whim- 
fical  connexions  we  are  every  day  witnefles  of. 

V  When  Mifs  delights  in  her  fpinnet, 
"  A  fidler  may  a  fortune  ^et ; 
"  A  blcckliead  with  melodious  voice, 
*'  In  boarding  fchools  may  have  his  choice  ; 
*'  And  oft  the  dancing  maftcr's  art 
*«  Climbs  from  the  toe  to  touch  the  heart ; 
«*  In  learning  let  a  nymph  delight, 
"  The  pedant  gets  a  miflrefs  by't  *." 

There  is  no  greater  miftake,  than  that  the  world 
is  governed  by  motives  of  interefl:.  Cool  felf-in- 
tereft  afts  in  very  few  inftanccs.  Where  mankind 
are  not  fwayed  by  the  natural  affedtions,  that  is,  by 
thofe  ideas  with  which  pleafure  is  naturally  con- 
nc6tcd,  they  are  generally  determined  by  fonhe  pre- 
judice, tliat  is,  an  idea  with  which  pleafure  or  pain 
is  fantaftically  combined. 

There  is,  perhaps,  no  paflion  lb  improvable  by 
ftffociation  as  love ;  it  is  connefted  with  many  ideas 
that  tend  to  refine,  fofcen,  and  elevate  the  foul,  and 
to  increafe  the  paflion  under  the  a'ppcarance  of  in- 
creafing  prefent  pleafure.  We  are  not  to  wonder, 
therefore,  that  it  has  proved  fo  copious  a  means  of 

^  CadcDus  and  Vane&. 

playing 
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playing  with  our  feelings  in  poetical  and  dramatic 
compontiohs.  To  feel  and  fympathize  with  ambition 
v^-c  mnft  be  particularly  circumftanced,  and  thert 
our  thoughts  are  generally  too  ftrongly  bent  on 
the  purfuit  to  attend  to  imagination.  Ambition 
is  an  aftive,  love  a  fedentary  paflion. 

Some  conclufions  in  favour  of  the  prafticability 

of  virtue  will  enfue  from  the  preceding  principles. 

in  the  firft  place,  much  of  the  government  of  the 

paflions  will  hence  appear  to  be  in  our  own  powers 

by  avoiding  pernicious  affociations,  and  by  early 

care  ;   hence  we  may  Icam  how  to  reftrain  the  cn- 

thufiafm  of  avarice  and  ambition,  by  tracing  them 

to  their  fource.   In  our  choice  of  friends  and  books 

alfo,  we  may  learn  to  be  cautious  to  avoid  thofe 

from  which  ill  Tiabits  or  prejudices  may  be  derived ; 

we  may  learn  further  to  be  aware  of  the  efFefts 

of  cuftom  in  acquiring  a  fondnefs  for  trifles,  and 

efpecially  for  gaming,  and  other  unnatural  propen- 

fities;  we  may  learn  to  direft  our   afFeftions  to 

proper  objedts,  to  aflbciate  the  pleafing  with  the 

ufeful,  or,  by  force  of  rea;fon  and  refolution,  to  dif- 

cntangle  thofe   improper  combinations  which  wc^ 

may  have  formed.     This,  indeed,  feems  to  be  the 

great  ufe  of  reafon  and  fcience,  viz.  to  enable  us 

to  purfue  the  chain  of  ailbciations,  which  our  af- 

fcftions  may  have  extended,  and  to  difcern  plainly 

the  liitlenefs  of  the  common  and  ruling  pafl^ions  q£ 

mankind. 


Mma  Ghap. 
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Chap.     XIV. 

OF    REASONING*. 

Common  Se^/e  ;   ivbaL^^DefeSi've  Rea/oning  ^^jfaalcgicai  Pus- 
foning.^^Hrong Data.^^PUa/ura  of  Rea/omimg* 

REASONING  may  be  denned  a  chain  d 
judgments^  following  and  depending  upca 
one  another^  by  which  (bme  general  conclufion  ii 
atterrpted  f- 

The  defign  of  this  chapter  will  principally  facto 
exhibit  fome  detached  obfervacions,  fuch  as  may 
fupply  us  with  a  few  cautions  againft  the  mod  com- 
mon  defects  in  reafoning>  which  will  be  found  Id 
general  to  depend  upon  a  falfc  or  unnatural  alio* 
ciation  of  ideas.  Thus,  repeated  obfcrvation  of  the 
proper  and  ufual  relations  of  things  produces  a 
prefumption  in  the  mind,  that  thofe  which  arc  ac- 
cidental may  be  equally  well  founded  \  and  this 
appears  to  be  the  undoubted  caufc  of  what  is  called 
prejudice. 

*  With  this  chapter  the  third  divifion,  or  the  mi(cellalieoo 
part  of  this  book,  commences. 

f  "  Senfc  and  memory  are  bat  knowledge  of  fad,  which  k 
a  thing  pail  and  irrevocable;  fcience  is  the  knowledge  of 
conieqaences,  and  the  dependence  of  one  fa£i  upon  another, 
by  which,  out  of  what  we  can  prefentiy  do,  we  know  how  t& 
do  fomeching  elfc  when  we  will,  or  the  Ijke  another  tune."** 
Hobbcf  Leviath.  pu  i.  c.  5« 

When 
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When  the  train  of  ideas  flows  in  its  natural  courfe, 
that  is,  according  to  the  true  relations  of  things, 
then  the  opinions  and  conclufions  formed  will  be 
juft.      When  it  is  warped  out  of  its  natural  courfe 
by  an  accidental  aflbciation,  then  fuch  opinion,  and 
every  action  founded  upon  it,  will  be  falfe.     Thus, 
while  men  annex  the  idea  of  honour  to  patriotifnrj, 
and  that  difinterefted  benevolence  which  prompts  a 
generous  fpirit  to  difregard  irs  own  intereft  in  con- 
tending for  the  fafety  and  welfare  of  others,  they 
reafon  according  to  the  common  order  of  nature; 
but  if  they  by  any  means  narrow  the  fentiment,  and 
'  can  perfuadc  themfelves  that  it  is  lawful  to  deftroy 
or  injure  fomc  for  the  fake  of  others,  that  falfe 
notion  of  honour  is  generated,  which  produces  war, 
devaftation,  and  conqucft ;  if  to  this  they  annex  the 
idea  of  infult,  as  heightening  the  honour,  and  add  the 
idea  of  cruelty  to  infult,  which  the  warmth  of  paf- 
fion  may  readily  lead  them  to  do,  or  if  it  ihould 
feemamark  of  courage  to  tafte  the  blood  of  their 
enemies,  they  will  think  it  honourable  and  right  to 
torture,  and  perhaps  to  devour. them  *.     That  the 
univerfe  muft  have  a  firfl:  caufe,  that  a  firft  caufe 

•  **  The  beginnings  of  this  corruption  may  be  noted  in 
many  occurrences,  as  when  an  ambitious  man,  by  the  fame  of 
his  high  attempts,  a  conqueror  or  a  pirate  by  his  boailed  enter- 
prizes,  raifcs  in  another  perfon  an  elteem  and  admiration  of 
that  immoral  and  inhuman  character,  which  defer ves  abhor- 
rence ;  'tis  then  that  the  hearer  becomes  corrupt,  when  he 
fccrctly  approves  the  ill  he  hears ;  but  on  the  other  fide,  the 
man  who  loves  and  efteems  another,  as  believing  him  to  have 
that  virtue  which  he  has  not,  but  only  counterfeits,  is  not  on 
this  account  either  vicious  or  corrupt.'*— Shafl/buiy's  Enquiry 
ion.  Virtue,  b.  i.  p.  2.  f.  3. 

M  m  3  muft 
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muft  be  fclf-cxiftent,  that  a  fclf-exiftent  being  irrf 
be  eternal,  that  an  eternal  and  Iclf-exiftent  ixjq 
muft  be  without  imperfedtion,  is  a  chain  of  rcalc£2r| 
that  leads  direftly  to  a  knowledge   of  the  wifdosi 
and  goodnt fs  of  our  Creator,  and  ought   to  ififp::: 
us  with  a  dcfire  of  imitating  his  pcrfeftions ;  he 
if,  from  perfonifying  the  deity  %  men  Ihall  one 
give  room  to  conceive  of  him  as  having  parts  ad 
paflions,  fancy  will  foon  be  fportive  on  the  occafio^ 
and  the  amours  of  Jove,  and  the  contentions  of  gk 
Gods,  will  become  a  part  of  the  popular  religion 
What  eflfca  fuch  an  error  muft  have  on  moraks 
obvious.     While  furroundcd  wirh  the  bounties  sd 
mercies  of  God,  we  can  never  altogether  lofe  di: 
idea  of  his  goodnefs ;  if,  therefore,  to  the  adminuioa 
of  the  deity,  the  idea  of  vice  or  pallion  Iboukl  be 
annexed,  thefe  will  lofe  their  deformity,  and,  how- 
ever contrary  to  men's  better  judgments,  fudi  vices 
may  even  be  held  in  efteem. 

Some  refpedable  writers  have  endeavoured  to 
make  a  diftinftion  between  reafon  and  what  they  caH 
common-fcnfe.  But,  perhaps,  all  that  can  be  feiriy 
affcrtcd  is,  that  fome4)ropofitions  are  more  neariy 
conneftcd  with  fenfible  impreffions  tlian  others,  and 

•  Becaofe  we  can  have  no  diftinil  ideas,  but  thofc  coanhi- 
naiions  which  wc  form  of  fenfible  imprelHons,  mojikind  have 
in  all  age5  been  inclined  to  perfonify  the  invifible  firS  caofc 
of  the  univerfe,  for  the  fake  of  having  a  difUnfl  idea  of  bin  ,- 
and  as  the  human  form  is  the  mod  familiar  to  them,  as  well  zs 
the  moid  honourable,  they  have  generally  adopted  tJiat.  Tkis 
deception  of  our  nature  pcrfevcrcd  in,  has  led  them  ta  afi»ga 
him  appetites,  paflions,  &c.  the  fame  with  the  evil  princfplr, 
and  hence  the.  origin  of  all  fupcrilitioa. — Sec  Eflays  Hiibric^I 
and  Moral. 

therefore 
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therefore-  the  train  of  reafoning  is  lefs  liable  to  be 
diverted  into  a  wrong  conclufion,  than  in  abftrufc 
fpeculations,  or  thafe  which  are  far  removed  from 
being  objefts  of  the  fcnfes,  where  the  variety  of 
aflociations  affords  a  greater  fcope  for  error.     Thus, 
**  that  things  equal  to  one  and  the  fame  thing  are 
equal  to  one  another;"  "  that  nothing  material 
exifts  without   a  caufe ;"  '^  that,   therefore, "  this 
world  has  a  firft  caufe,"  and  fijch  like,  are  propo- 
•Ctions  immediately  connefted  with  experience,  and 
therefore  admitted  without  hcfitation.     That  the 
angles  of  a  triangle  are  equal  to  two  right  angles,  is 
a  truth  no  lefs  certain,  but  cannot  be  dcmonftrated 
without  a  confiderable  train  of  reafoning.     This 
remark  will  apply  to  many  difputes  in  morals, 
theology,  &c.  Thofe  fafts  which  lie  neareft  the 
tcftimony  of  our  fenfes  will  meet  the  cafieft  re- 
ception. 

I  have  called  reafoning  the  arithmetic  of  words,  in 
which  falfc  conclufions  may  be  drawn,  either  from 
wrong  data,  or  from  an  error  in  the  operation.     It 
will  follow,  that  the  conclufions  of  our  reafon,  and 
our  immediate  feelings,  may  be  ibmetimes  at  va- 
riance.    It  is 'Common  to  fty,  "  I  feel  confuted,  but 
not  convinced  /'    that  is,   on  fome  former  occa- 
fiohs,  by  common  experience,  you  have   united 
certain  confequences  with  certain  things  or  aftions ;' 
and  another  perfon,  by  a  certain  chain  of  reafoning, 
fome  one  ftep  of  which  may  be  falfe,  but  to  which 
"you  have  not  attended  clofely  enough  to  deteft  the 
error,  pow  exhibits  a  different  conclufion.     PalTion 
icfclf  will  often  play  the  part  of'the  fophift,  and  de- 
termine men  to  aft  in  concradiftion  to  a  conclu- 
M  m  4  fioq 
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fion  founded  on  connmon  experience  * :  "  Video 
meliora,  proboque,  dcceriora  fcquor." 

Errors  mod  frcquendy  happen  in  what  is  called 
reafoning  by  analogy.  Analogical  reafoning  U 
grounded  on  the  refenibling  parts  of  complex  ideas, 
and  as  long  as  we  are  careful  to  note  the  proper^ 
tions  of  thofe  refembling  parts,  and  how  far  in  each 
of  the  compared  ideas  they  may  be  connefted  with, 
and  influenced  by  others,  it  will  generally  prove  a 
fafe  method  of  reafoning  j  but  as  the  aflbciation$ 
are  rot  near  fo  ftrcfng  in  this  relation,  as  in  that  of 
cauie  and  e(Fc(5t,  as  the  relation  is  more  complex 
and  more  removed  from  common  experience,  this 
mode  of  reafoning  will  more  frequently  deceive 
us.  Thus,  '^  if  we  argue  from  the  ufc  and  a<5tlon 
of  the  ftomach  in  one  animal  to  thofe  in  another, 
fuppofcd  to  be  unknown,  there  will  be  a  probable 
hazard  of  being  miftaken,  proportional  in  genen^ 
to  the  known  difference  of  the  two  animals,  as  well 
as  a  probable  evidence  for  the  truth  of  part,  at 
leaft,  of  what  is  advanced,  proportional  to  the  ge- 
neral refemblance  of  the  two  animals ;  but  if,  on 
examination,  the  (lomach,  way  of  feeding,  ^c.  of 
the  fecond  animal  (hould  be  found,  to  fenfe,  the 
fame  as  in  the  firft,  the  analogy  might  be  confidered 

•  As  bo  Hly  pain  is  an  unufual  ftatc,  and  can  never  be  en- 
tirely forgotten,  however  engaged  the  perfon  may  be,  but  will 
of courfe  awaken  tiie  attertion  frequently  to  fuch  objeds and 
ideas  as  are  cc)nne(fced  wiih  it ;  To  a  pafl*on,  being  an  unufual 
ftate  of  mind,  fomcthing  analogous  to  the  fuffering  of  the 
body,  Avill  frequently  awake  it,  from  other  purfuits,  and  tur^ 
it  to  ihofe  ideas  which  are  connedled  with  it. 

as 
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Ls  an  indudion,  properly  fo  called^  at  leaft  as  ap* 
broaching  to  it  ♦." 

Reaibning  may  likjswife  be  defefkive  and  falfe, 
from  accepting  an  axiom  or  condufion  drawn  iroux 
a   former  judgment  as  an  intuitive  principle,  or 
from   an  impcrfeft  or  partial  view  of  the  fubjc6t, 
and  from  what  has  been  faid  of  cu)[lom,  it  is  evi- 
dent that  it  may  have  a  great  influence  over  our 
reafor>ing.     Since  ideas  by  repetition  become  more  ' 
vivid,  and  acquire  more  force  if  aflbciated  with 
pleafurable  fenfations,  it  follows  that  it  will  require 
much  force  to  overcome  this  flavery,  which  the 
pnind  fabricates  for  itfelf,  and  that  no  lefs  than  de- 
monftration  fi-om  an  actual  appeal  to  the  fenfes^  or 
from   acknowledged   principles,  will   be  able  to 
ijndo  it  f . 

The 

•  "  It  is  often  in  our  power  to  obtain  an  analogy  where  we 
cannot  have  an  induflion,  in  which  caTe  reafoning  from  analogy 
ought  to  be  admitted;  however,  with  all  that  uncertainty 
yhich  properly  belongs  to  ic."— Hartley  on  Man.  Prop.  39* 

**  The  analogous  natures  of  all  the  things  about  us  are  a  ' 
great  affiftance  in  dec)  phering  their  properties,  powers,  laws, 
&c.  inafmuch  as  what  is  minute  or  obfcure  in  one  may  be  ex- 
plained and  illuilrated  by  the  analogous  particular  in  another, 
where  it  is  large  and  clear ;  and  thus  all  things  become  com- 
ments on  each  other  in  an  endlefs  reciprocation."— Hartley 
Prop.  39. 

t  The  following  may  be  taken  as  a  general  abftradl  of  tho 
moft  common  fallacies  which  occur  in  reafoning« 

I  ft.  I'aking  an  accidental  con  junction  of  things  for  a 
peceiiary  connotation ;  as  when  from  an  accidint  we  infer  a 
property;  when  from  an  example  we  infer  a  rule;  when 
from  a  fingle  a£l  we  infer  a  habit.  2d.  Taking  that  ab- 
folately,  which  ought  •to  be  taken  comparatively,  or  with 
^rtain  limitations.    The  conftru^ion  of  language  often  leads 

lAto 
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The  pleafures  of  fucce&ful  reafoning  rdiilt,  il, 
From  the  aftion  ic  gives  to  the  miDd,'  4 
From  the  pleafurc  connefted  with  the  end  ^  ps- 
pofe  to  ourfelves  from  the  invefligation.  In  5: 
there  is  a  plcafure  attendant  on  the  accompliibs 
of  every  end  or  dclign ;  for  as  all  the  Ma&s 
of  men  have  a  tendency  to  the  gratificarion  ofifc 
appetitesi  and  the  fulfilling  of  this  defign  has  etc 
been  attended  with  agreeable  fcnfktions,  we  opci 
the  fame  on  the  accomplifhinent  of  every  intnfc 
or  aftioh  whatever. 


into  this  fallacy;  for  in  all  languages  it  is 
ufc  abfolute  or  general  terms;  to  fignafy  thin^  wlaci  onji 
them  fome  fee  ret  comparifon;  or  to  ufc  unlimited  ww^ 
iignify  what,  from  its  nature,  muH  be  limited,  ji  1^ 
for  the  caufc  an  occafitm  or  concomitant,  4th.  Btgfiag  w 
qaellion;  i.e.  a^uming  the  thing  to  be  proved  b^^T"'^ 
mifes.  5th.  Miftaking  tlie  queftion.  When  the  condE&a^^ 
the  fyllogifin  is  not  the  thing  that  ought  to  be  pro^"*^'  * 
fomething  clfe  that  is  miftaken  for  it.  6th.  WBcndiccflB- 
feqnence  i«  niiftakcn ;  as  if,  becaufe  all  Africans  arc  bbi 
it  was  taken  for  granted  that  all  blacks  yi^it  Afrians.  re 
Propofitions  that  are  complex,  and  imply  tn^o  afixm^cffia, 
whereof  one  may  be  true  and  the  other  /al/e;  as  R'i«"'^ 
affirmed,  that  fuch  a  man  has  left  off  playing  fhtfocl^'H^'^' 
it  implies  tliat  he  has  played  the*  fool;  if  denied,  ft'^  ^ 
imply,  that  he  docs  fo  lliiJ. 


CHAf. 
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OF      THE     FINE      ARTS, 
Mufic,  ^^PatHiing, — Poetry. — Wit. 

THE  chief  fources  of  pleafure  in  works  of  art 
are,  ift.  As  far  as  they  contain  of  the  pri- 
mary conftituents  of  beauty.  2d,  Refcmblancc  to 
things  which  have  pleafed  in  our  former  life,  -^d. 
Utility.  4thj  A  fenfe  of  the  ingenuity  required. 
5  th,  Fafhiooj  and  a  deference  to  the  opinion  of 
others. 

Mufic  is  agreeable,  I  might  almoft  fay  entirely, 
from  the  combinations  of  notes  naturaiiy  agreeable, 
or  from  the  proper  contraft  of  theft  notes  9  from 
the  variety  of  emotions  produced  by  thefe  combi- 
narions,  and  from  thefe  emotions  being  judicioufly 
contrafted ;  and  I  fuppofe  good  compofers,  whe- 
ther acquainted  or  not  with  this  general  dieory; 
have  recourfe  to  *thefe  principles  *.  Ytry  little  of 
the  pleafure  of  mufjc  has  any  relation  to  the  gratifi- 
cation of  appetite,  or  is  at  all  aflbciated  pleafure. 
Indeed,  the  remembrance  of  certain  founds,  which 
may  have  been  combined  with  other  ideas  of  aflrions 

•  It  is  worth  confideration,  whether  the  agreeable  founcis 
are  not  the  mod  frequent,  and  the  difTonant  the  mod  uncom- 
mon, &c.  Thofe  founds  and  combinations  of  founds  which 
refembie  the  human  voice  may,  perhaps,  by  affociation,  give 
rife  to  the  agreeable  of  xnufic. 

or 
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or  paflions,  may,  by  recoUeftion,  be  produdtive  of 
aflbciated  pleafure,  as  .well  as  of  various  emo- 
tions ♦. 

Painting  derives  its  chief  power  of  pleafing  from 
the  happy  imitation  of  objefts  that  have  the  power 
of  renewing  agreeable  fcnfationsj  yet  here  much 
depends  on  a  judicious  ufe  and  difpofition  of  the 
primary  elements  of  beauty:  lively  colours,  pro- 
per concrafts,  the  waving  line,  are  always  attended 
to  by  excellent  painters. 

Poetry  depends  little  on  the  primary  ingredients 
of  beauty  or  pleafure,  except  in  what  refpefts  the 
pfiealure  of  the  verfe ;  and  one  reafon  for  the  plea- 
fure of  verfe  I  apprehend  to  be,  the  agiradon  oc- 
cafioned  by  renewing  ideas  and  fenfarions,  ftich 
being  the  return  of  founds,  and  this  elpecially  when 
properly  enlivened  with  neW  ones.  Perhaps  in 
defcriptive  poetry  the  beauties  of  contrail  may  be 
proper  to  be  attended  to ;  thus  it  deals  fome  of  the 
beauties  of  both  mufic  and  painting ;  but  its  chief 
power  over  the  mind  is  derived  from  the  aflbciated 
or  fa6titious  fcnfe  of  pleafure,  and  from  a  reprefen-  - 
tation  of  thofe  o^jefts  which,  by  interefting  the 
paffions,  produce  mental  emotion.  It  is  remarked, 
that  iniperfcA  characftcrs  are  moft  agreeable  in 
poetry;  the  reafons  I  fuipedl  to  be  thefe;  ift, 
Bccaufj  we  find  in  tbcm  a  pidlure  of  ourfelves, 
and  often  a  fort  of  excufe  for  our  own  frailties, 
idly,  Becaufe  there  is  more  of  the  fublime  in  oc- 
cafion.ll  fallies  of  vice  or  pafTion,  than  in  uniform 
goodnefs.  3dly,  Becaufe  of  the  contrail  between 
the  good  and  bad  parts  of  the  charafter,  the  latter 
»  Soc  Drydcn's  Ode  to  St.  Cecilia. 

rcaUy 
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really  fetting  off  and  making  more  conlpicuous  the 

fbrtnen     I  have  already  mentioned  the  pleafure  of 

figurative  language,  refulting  from  the  variety  of 

thought  and  emotion  introduced  by  the  two  trains 

of   ideas  •  5    and  it  \%  remarkable  that,  *'  when 

figurative  words   have    recurred   fo  often  as   to 

excite  the  fecondary  idea  inftantaneoufly,  they  iofe 

their  peculiar  beauty  and  force  f-"     It  is  a  miftakc, 

when  critics  tell  us  that  florid  language  is  not  the 

language  of  paffion ;  experience  amply  .convinces 

us  of  the  contrary.     The  truth  is,  that  forrow,  re- 

fentment,  or  any  violent  paffion  (provided  the  rea- 

fon  is  not  injured)  renders  the  mind  more  aftive, 

and  though  it  never  wanders  very  far  from  the  fub- 

je6l,  yet  it  indulges  itfelf  it  many  excurfions,  ftill 

recurring  to  its  origin. 

The  fam^e  qualities,  but  differing  in  the  degree; 
are  required  to  form  both  the  poet  and  the  orator  1 
in  the  latter  more  folidity  is  wanted.  An  oration, 
if  conripofed  like  a  poem,  would  be  too  florid  and 
dcfultory.  Qyinftilian  points  out  the  firll  qualifi- 
cation of  an  orator  to  be  a  good  man  :  this,  abov^ 
every  other  circumftance,  predifpofes  the  hearers  in 
his  favour;   befides,  it  fuppofes  him  more  inti^ 

*  "  Though  the  metaphor  began  in  poverty  (of  language) 
it  did  not  end  there.  When  the  analogy  was  jull  (and  this  often 
happened)  there  was  fomething  peculiarly  pleafmg  in  what  was 
both  new  and  yet  familiar,  fo  that  the  metaphor  was  then 
caltivated^  not  out  of  neccffity,  but  for  ornament,  *Tis  thus 
that  cloaths  were  fird  alTumed  to  defend  us  againft  the  coId» 
but  came  afterwards  to  be  worn  for  difiinflion  and  decoration*'' 
—Harris's  PJiiloIogical  Enquiries. 

t  Hartley,  prop.  46. 

matclf. 
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inately  acquainted  with  the  nature  of  virtue,  and 
abler  to  fpeak  in  its  favour  with  force  and  energy. 

Wit  is  the  calling  together  two  or  more  differing 
ideas  by  fonne  nice  and  unexpefted  connexion, 
relation,  or  correfpondence*  The  pleafure  of  wit 
confnls,  ift.  In  furprife.  adly,  In  the  agitation' 
profliiced  by  variety,  and  the  different  trains  of 
thought,  jdly.  In  feveral  ^reeable  ideas,  which 
muft  be  of  courfc  recalled  *• 

•  «  The,  famo^  kind  of  contrafb  and  coinddences,  vliicli  io 
low  and  comic  thmgs  would  be  wit  and  hunoory  become  die 
brilliant  paiTages  that  aiFed  and  ftrikc  us  moil  in  grave  poetry." 
—Hartjcy. 

*'  Omnia  noftra,  dum  nafcantar,  placent."— Quint.  I.  x. 
c  3.  The  aflion  of  the  mind  in  forming  any  work  u  pleafing  9 
and  even  if  it  is  fuch  as  carried  with  it  a  good  deal  of  laboor 
and  coniequently  fome  pain»  we  feel  joy  on  perfe^Ung  it* 
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Chap.    XVI. 
ofmorals. 

XJfe  of  the  DoSrine  of  Jffociation  in  Morals.'-^T'wo  Theories  of 
Morals. — A  Moral  Sen/e, — The  Arguments  againft  a  Moral 
Stnfe.^^A ftrmg  Argmnnufor  Di<uinf  Revelation. 

THE  principal  ufc  of  the  doftrine  of  aflbcia- 
tion,  when  applied  to  morals,  will  be,  to 
induce  us  to  rcBeft  how  little  of  our  happinefs 
depends  immediately  on  fenfual  enjojrmencs,  and 
how  we  may  enlarge  and  improve  our  lot  of  plea- 
fure,  by  cultivating  thofe  intellc6hial  delights, 
which  neither  injure  our  health  nor  reputation,  and 
--.^yct  are  replete  with  die  moft  exquifite  delight. 

Another  point  which  this  doftrine  tends  to  efta- 
blilh,  may,  I  think,  be  made  of  advantage  to  man- 
kind, viz.  that  what  is  naturally  good  or  ill  in  a 
temper  depends  on  a  few  principles,  which  may  be 
in  a  great  mcafure  counteraded  by  other  ideas 
and  aflbciations  fufficiently  grounded  and  enforced. 
Hence  it  follows,  that  we  may  be  in  a  confiderable 
degree  the  framers  of  our  own  difpofitions  ♦  5  and 
in^fmuch  as  reafon  muft  be  our  guide  in  morals, 
civilization  is  eminendy  of  ufc  to  fociety,  the  great 

•  Difpofition  is  a  general  term,  implying  the  bent  or 
general  diredlion  of  the  mind.  Thus  we  fay,  an  angry  difpo- 
fition, 5fc.  or,  uftinefs  is  a  difpofition  to  be  angry. 

4  -  advantage 
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advantage  of  which  fccms  to  confift  in  the  increafc 
of  intelleftual  pleafure*. 

Among  moral  writers,  two  theories,  matefiallf 
different,  have  long  exiftcd  refpcding  the  nature  of 
our  fentiments  of  virtue  and  vice.  Our  love  of  the 
former,  and  dcteftation  of  the  latter^  is  by  the  one 
party  aflcrted  to  be  an  inftin£live  principle,  inde- 
pendent of  knowledge,  or  of  former  ideas  admitted 
by  the  five  fenfes*;  and  by  the  other,  to  be  nothing 
more  than  the  refult  of  experience  or  information. 

For  the  firft  of  thefe  hypothefes,  the  arguments 
are  many  and  forcible,  ift.  There  are,  it  is  ob- 
ferved,  in  all  languages,  words  equivalent  to  duty 
and  intereft,  which  men  have  conftantlydiftinguiflied 
in  their  figniBcation.  2d.  The  emotions  which  are 
produced  by  the  contemplation  of  what  is  right 
and  wrong  in  conduft,  arc  different  from  thofe 
which  are  produced  by  a  calm  regard  to  our  own 
happinefs;  fo  much  fo,  that  we  judge  extremely^ 
differently  of  the  condudt'  of  other  men,  and  of  oor« 

*  **  It  IS  of  the  atmoll  confequence  to  morality  and  reli- 
gion, that  the  aifeAions  and  paf&ons  (hould  be  analyzed  into 
their  fimple  compounding  parts,  by  tracing  the  fteps  of  the 
dflbciations  which  concur  to  form  there ;  for  thus  we  may 
learn  how  to  cherifhand  improve  good  onesy  cheek  and  root 
out  fuch  as  are  mifchicvous  and  immoral,  and  how  to  fuit  oar 
manner  of  life,  in  fome  tolerable  meafure,  to  our  intelledual 
and  religious  wants,''  &c.  ''  1'he  world  is,  indeed,  fulHciently 
ilocked  with  general  precepts  for  this  purpofe;  and  whoever 
will  follow  ihcfe  faithfully,  may  expedfc  good  foccefs.  How- 
ever, the  dodrine  of  afrociatlon,  when  traced  op  to  the  firft 
rudiments  of  uncierfbnding  and  affe6tion,  unfolds  fuch  a  iccne 
as  cannot  XtCA  both  to  inflru^  and  alarm  all  fuch  as  have  any 
degree  of  intercfted  concern  for  themlclvcs,  or  of  a  benevolent 
one  for  otlicrs."— Hartley. 

felves 
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(elves  in  the  hmt  circumllances.    3d.  The  feoti* 

ment  of  approbation  or  difguft  which  is  excited  by 

any  a<5Hon  is  inftatttaneous^  and  not  the  effect  of 

reaibmng  or  deduftion^  thefe  fentiments  are  alio 

excited  even  in  children,  long  before  they  have 

learned  to  make  ufe  of  their  rcafon,  or  to  form  in 

their  own  minds  any  regular  judgment  concerning 

the  good  or  evil  confequences  of  a<5tion.  4thly»  The 

general  a^eement  of  all  nations  (only  making  fbme 

allowances  for  local  circumftances)  with  refpeft  to 

moral  excellence  or  moral  turpitude,  is  alfo  cited  as 

a  proof  that  thefe  fentiments  muft  proceed  from 

fome  general  and  inftindive  principle,     fthly.  It  is 

afkcd,  what  is  meant  by  the  term  confcience,  and 

that  uneaiy  fenfation  which  accompanies  guilt,  if 

there  is  nothing  conftitudonally  in  man  to  direft 

him  in  the  purfuit  of  good  and  the  abhorrence  of 

evil? 

In  oppofition  to  this  dodlrine  it  is  urged,  with 
fome  i^Uufibility,  ift.  That,  the  moral  fenfe  im- 
proves *  with  years  and  knowledge.  What  moral 
ideas,  it  is  faid,  had  the  lavage  girl  caught  in  the 
•woods  of  Champaine  ?  What  had  the  young  man 
of  Chartres,  who  recovered  his  hearing  at  the  age 
of  twenty-four  f  ?    Uninformed  perfons  of  every 

nation 

•  This  argament  is,  however,  not  dccifive,  fincc  any  one 
of  our  fenfes,  and  even  onr  bodily  powers,  may  be  improved 
by  pradtice  and  inftru£lionk 

f  A  young  man  of  the  tpwn  of  Chartres,  between  the  age 
of  twenty-three  and  twenty-four,  the  fon  of  a  tradefman,  and 
deaf  and  dumb  from  his  birth,  began  to  fpeak  of  a  fudden,  to 
the  afloniihment  of  the  whole  town.  He  gave  them  to  under- 
Hand,  that,  about  three  or  four  months  before,  he  had  heard  the 

Vol.  III.  N  n  found 
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nation  have  not  an  exquffice  moral  icfife,  ^ai'm- 
fiints  very  little  of  it.  ^dij,  Wc  feci,  and  itfe 
as  ftron^y,  any  thing  which  contradidb  die  rti- 
gion  or  cuftoms  o£  our  Country  as  duofc  rim 
which  are  generally  difallowed^  and  this  can  by  oo 
means  be  fufpcftcd  to  be  innate,  jdly.  Whatir 
called  virtue  is  generally  profitable.  Nor  does  k 
at  aU  derogate  from  die  honour  of  TirtuCy  that  it  a 
founded  on  the  immutable  principles  of  trudi :  s 
much  more  honourable  extraction  choa  Mad  io- 
ftinA.    4thly.   The  neceffity  which   all  tdigtm 

fiMnd  of  tht  belli,  tnd  wna  gvntly  faipriied  st  this  nm  mi 
unknown  fenfation.    After  fome  time  a  kind  of  water  iEad 
from  his  left  ear,  and  ke  then  keard  perfe Aly  well  with  ^tfo 
both.    During  thefe  three  montks  he  was  (edulouflj  tmpkfti 
in  liftening^  witbont  faying  a  woid,  and  accoficMiting  kknMf 
to  (peak  fofdy,  fo  as  not  to  be  heard,  the  words  pn«OBB0Bd  by 
others.  He  laboured  hard  alfo  in  perfecting  himielf  ia  thepra- 
nonciation,  and  in  the  ideas  attached  to  every  fosnd.   Atkagd 
having  fuppofed  himfelf  qualified  to  break  filence,  kedcdaic^ 
that  he  could  now  fpeak,  though  as  yet  but  impetfc&Iy.    Sood 
after,  fonie  able  divines  qaeftioned  iiim  concerning  his  idot 
of  his  paft  ftate;  and  principally  with  reiped  to  God^  UsM 
the  moral  beauty  of  virtue,  and  deformity  of  vice.    The  youDC 
man,  however,  had  not  driven  his  folitary  fpeculations  into  tisc 
channel.    He  had  gone  to  mafs,  indeed,  with  his  parents;  Ui 
learned  to  fign  himfelf  with  the  crofs,  to  kneel  doWtt,  aid  19 
alTume  all  the  grimaces  of  a  man  in  the  a£l  of  devodoiu    Bat 
he  did  all  this  without  any  manner  of  knowledge  of  the  xntto- 
tion  or  the  caufe ;  he  faw  others  do  the  like,  and  that  ins 
enough  for  him.     He  kitew  nothing  of  death,  nor  did  it  ero 
ever  enter  his  mind.    He  led  a  hfe  of  pare  animal  bfbnft; 
and  though  entirely  taken  up  with  feniible  objefts,  »id  (iRhai 
were  prefent,  be  did  not  feem  to  have  made  fbck  refkCdim 
even  on  thefe  as  might  have  been  expeded;  though  he  did 
not  wnnt  underftanding.— Mcfti.  Acad.  Science  17039  p.  1% 
C!t«d  by  Bufion.  ' 

peifoos 
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^rfbns  admit  of  a  divine  revelation  to  teach  us  our 
'duty,  and  the  grqat  impcrfeftion  of  all  the  fyftenis 
of  itiorals  that  have  proceeded  from  the  Heathen 
lagcs  *>  feeni  grftatly  to  militate  againft  the  hypo* 
thefis  of  anInnaCe  moral  principle. 

There  are  fbmt  points  it  is  added,  in  which  all 
inch  agree;  becaufc  there  are  fome  deduftions, 
^hich  all  men   endued  with  fenfes  nearly  alike, 
'cannot  feil  to  draw.     There  are  fome  ideas  which 
Mvill  be  aflfociated  in  every  mind  that  reflefts.     Of 
^his  hatOre  arc  the  common  opinions  of  virtue  and 
vice.     Every  being  fenfiblc  of  pleallire  and  pain 
Itiuft  alfo  be  fenfibie  of  love  and  hatred.     Very 
iictle  experience  will  Convince  any  man  that  parti- 
xnilar  adions  are  attended  with  ill  effects,  and  others 
In  like  manner  with,  good  oAes.     No  matter  whe- 
ther to  ourfclves  or  others,  we  have  the  idea  good 
and  bad  annexed  to  the  aflions,  before  we  have 
the  idea  of  the  perfbns  to  whom  they  relate;  we 
have  them  from  our  own  experience,  or  ibmething 
adequate :  we  love  the  one  and  hate  the  other,  wcf 
iove  whatever  promotes  the  one,  and  the  contrary. 
We  very  early  come  to  have  a  fenfc  of  injuftice, 
fince  whatever  diiappoints  the  appetites,  or  is  pro- 
duftive  of  prefent  pain,  generates  rcfentment  in  an 
infant.    Thefe  ideas  are  regulated  by  reafoning 
and  education^  and  ipen  in  time  learn  to  diftinguifli 
between  a  misfortune  merited,  or  which  they  have 
brought  upon  themfelves,  and  one  which  is  brought 
upon  them  by  others  s  they  learn  too  to  diftinguifli 

*  See  Eilays  Hiftorical  and  Moral.    Eiiay»  Principles  of 
Morale 

N  n  2  between 
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between  chance  and  defignjand  hence  our  hatred  to 
injuflice,  &c. 

The  quick  fenfe  of  honour  and  ihame,  it  is  fur- 
ther alledged,  can  be  no  argument  in  favour  of  in^ 
ftin£tive  morality,  for  we  are  much  niore  aihamed 
of  natural  defcfts  ;  there  arc  few  men  that  would 
not  rather  be  called  knaves  than  fools. 

The  reafon  men  are  afhamed  of  fenfilal  eiyoy- 
ments,  is  the  loathing  and  difgufl:  that  follow  excels 
in  them  ;  there  is  no  excefs,  no  difguft,  no  (aticty 
in  the  pleafures  of 'imagination,  we  can  therefore 
bear  to  refleft  upon  them. 

Should  we  rejeft  on  thcfc  grounds  the  doftrine  of 
an  inftindive  moral  fenfe,  the  argument  will,  in  my 
,  opinion,  be  extremely  cogent  in  favour  of  the  ne- 
ceffity of  a  divine  revelation  to  confirm  men  in  the 
right  path  of  reafon,  and  counteraft  thofe  errors 
which  falfc  aflbciations  may  produce. 
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Chap.     XVH. 

OF    GENIUS. 

ISfizeral  Oh/er*vattons  on  lubat  conftitutes  Genius, ^•^0/  the  Va- 
rietiis  in  OenA^s.^^^enius  opptfed  to  Dulne/s. — Different  Caft  of 
Genius* 

SOME  men,  it  is  well  known,  feel  more  acutely 
impreflions  on  their  fenfes  than  others,  and 
thefe  impreflions  probably  remain  longer  vivid  on 
Ibme  than  on  others.     It  fcems  not  unlikely  there- 
fore, that  this  faculty  of  feeling  more  acutely,  and 
the  impreflions  on  the  fenfes  dwelling  longer  vivid  in 
feme  men  than  in  others,  enables  them  to  form  more 
cxtenfive  combinations,  and  conne£ling  together 
more  efFeftually  their  ideas,  may  conftitute  what  ia 
called  genius,  in  oppoficion  to  ftupidity  or  dull- 
nefs  *.     Such  a  faculty  will  enable  men  to  acquire; 
knowledge  more  cafily,  by  more  readily  admitting 
perceptions ;   to  retain  it  better  by  the  frequent  re- 
petitions, which  fo  many  aflbciated  ideas  muft  pro- 
duce; and  to  exprcfs  it  more  readily  from  the  con- 
nexion of  ideas,  which  will  recal  each  other  in  % 
jnore  complete  and  regular  feries.    Men  of  this 

•  Genius  on  thefe  principles  feems  to  be  an  ladlivc  power 
of  quickly  "combining  fimplc  ideas,  or  of  difcovering  their 
combinanons.  Dulnefs  to  be  no  more  than  a  fiuggi^Qinefs  of 
^ind,  which  is  incapable  of  fblk>wing  the  combinations  of 
notes  in  a  fine  piece  of  mu/ict  or  of  the  colours  in  a  good 
)andrcape>  thoi^h  the  fimple  ideas  may  be.  obvious  enough. 

N  n  3  defcriptioa 
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dcfcription  will  have  more  objcfts  of  pleafore  and  of 
beauty  than  ordinary  nninds.  Relations  which  woul(i 
have  efcaped  the  majority  of  mankind,  will  be  im- 
prcffed  on  their  fcnlcs,  and  combinations  will  bo 
formed  of  which  others  could  have  no  concep- 
tion. Their  minds  branched  out,  in  a  manneri  to 
more  objefts,  will  in  fii6t  have  more  iburces  of  paiQ 
and  plcafure  ;  only  that  as  the  portion  of  pleafuro 
is  greater  than  that  of  pain  in  the  world,  their 
pleafures  will  be  proportionably  more  numerous. 

But  there  are  other  differences  fubfifting  aipong 
men  of  apparendy  equal  genius,  which  feem  difficult 
to  be  accounted  fon  One  man  (hall  excel  in  an  art 
fer  which  another  poileflcs  no  qualificadoo,  who  yee 
is  at  the  fummit  of  excellence  in  fbme  other,  Thae 
the  paflions  muft  have  an  effcA  in  forming  our  dii^ 
pofidon  *  and  caft  of  thinking,  cannot  well  be  dift 
puted ;  and  the  pafGons  being  no  more  than  modj-» 
£cadons  of  the  appetites,  on  them  muft  in  feniQ 
meafure  ultimately  depend  the  turn  of  mind  in  par« 
$icular  perfons, 

I  can  eaGly  (^nceive  tha(  one  fenfe  may  be  lo 
perfectly  and  delicately  oi^ani^ed,  as  to  be  morp 
fufceptible,  to  difcnguiih  more  nicelyi  and  to  prc«» 
fent  the  ideas  of  that  fenfe  more  perfed  than  die 
Qth^r  fepfes ;  and  this  is  probably  the  ^fe  with 

•  How  far  the  natural  frame  of  the  body  or  the  viplence  of 
Uppetite  may  influence  the  mind*  is  not  eafy  to  define.  A 
delicate  habit  unable  tp  bear  the  extremes  of  cold  and  heac« 
or  any  other  inconvenience,  may  difpofe  the  perfon  to  be 
Cautiopsy  f^fpicious^  fretful.  The  fame  may  in  the  end  render 
hioi  avaricious.  On  the  other  hand,  there  are  paeons  whick 
plinoft  entirely  depend  oi^  early  j^Tpci^tioos  of  ideas, 

(  thole 
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diofc  who  poflefs  a  very  fine  mufical  ear  .without 

any  acutenefs  of  underftanding*    But  in  general  this 

delicacy  is  extended  to  all  the  mental-organs,  or,  to 

{peak  more  properly,  perhaps,  to  the  mind  itfelf. . 

Hence  a  genius  for  all  the  fine  arts  commonly 

exifts  in  the  fame  perfon,  and  if  they  have  applied 

only  to  one,  we  may  reafonably  conclude  an  early 

bent  to  have  determined  the  preference. 

It  is  allowed  that  a  quick  perception,  a  proper 

degree  of  retention,  and  a  facility  in  recalling  its 

ideas,  are  as  efTential  to  a  found  judgment,  as  to  a 

fine  imaginadon  *,  the  great  difference  feems  to  be, 

tiiat  the  one  fcle<5ts  and  dwells  upon  fuch  ideas  as 

are  neceflarytoits  immediate  purpofe  indifcover- 

ing  truth  ;  the  other  (elects  only  fuch  as  give  plea* 

fure,  and  does  not  dwelllong  upon  any.    It  is  pro*. 

bable  therefore,  that  this,  is  *  chiefly  a  difference  ia 

temper  and  diipofition.    i^cuttnt&  of  feeling  is 

*  The  philolbphic  genius^  according  to  Dr.  Gerard,  difFeri 
from  a  genius  for  the  arts,  in  thb,  that  the  former  is  chiefly 
employed  upon  the  relations  of  effeds  and  caufes,  and  the' 
tetter  is  attradted  by  the  relation  of  refemblance,  confequently 
tbe  one  dwells  on  a  few  principleaw  the  other  purfues  every, 
light  and  fancifal  aflbciation, 

<<  The  philofopher  defcribes  minutely  all  the  appearances 
of  his  objed ;  his  defign  requires  it ;  every  one  of  them  in* 
▼olves  feme  truth ;  InatteYition  to  any  one  of  them  may  pre* 
tent  the  difcovery  of  truth,  or  occaiion  error;  thofe  of  diem 
^hich  feem  leaft  ftriking,  often  lead  moft  diro£Uy  to  truths  or 
lead  to  the  moil  important  truths.  A  poet,  on  the  contrary, 
would  overlook  by  far  the  greateft  part  of  thefe  appear* 
inces}  they  are  unfit  to  pleafe,  and  for  that  reafon  attra^  no 
(hare  of  ids  attention :  ^e  fixes  on  a  few  that  are  moft  ilriking^ 
ind  hthditf^  to  iirt  xhefe  in  a  ftriking  light«"-«-Gen  00  6en« 

N  n  4  certainly 


qert^idy  ever  conn^&ed  with  ^e  partsi  being  ii| 
f;^  no  other  thaa  qujck.  percqption  s  but  it  is.cer- 
taiiij  that  ^rnong  men  of  equally  apute  feding^ 
fome  are  lefs  violent  and  ikoguine  than  others.  I 
can  by  no  means  conient  to  r^fer  this  difference 
altogether  to  education*  for  perfons  who  hav^  had 
every  poffible  care  taken  pf  their  tcoipc^^  in  early 
youth,  will  often,  when  fet  at  liberty, .  b^^ak  out^ 
and  becpme  of  very  unryly  di^Iit^oqs.iq  ooa- 
turer  age  ^  and  perfons  wiU  refeoible  their  parents 
Ui  temper,  who  have  never  feen  them : 

<»  Nataram  cxpelks  furci,  tamen  ufque  rccunit.* 

This  faft  we  can  refer  to  no  one  principle  in  hu* 
man  nature  but  the  paffions.  Thole  whofe  animal 
appetites  are  ftronger  than  dipfe  of  others,  will  be 
inore  fanguine  in  all  their  defires,  of  courfe  will 
finart  more  for  a  difa{^iatment,  and  in  a  word, 
muft  be  (nore  fubjedl  to  pafSon. 

The  old  maxim,  *^  Ppcta  nafcitur,'*  has  been  ac- 
counted a  vulgar  error,  and  it  is^  certain  much  de- 
pends upon  early  habiit>  a^nd  this  habit  is  always  ac- 
quired from  the  circumftances  of  youth.  But  this 
docs  not  entirely  account  for  the  difference  of  men's 
purfuits,  whofe  mental  powers  fcem  equal,  and 
whofe  fituations  are  fimilar.  If  once  it  is  agreed^ 
however,  that  a  degree  pf  coolncfs  is  neceflary  to 
certain  fludies,  and  that  others  are  more  connefted 
with  paffjon,  we  fhall  not  long  be  at  a  lofs  to  ac- 
count for  this  feeming  paradox  in  the  human  mindj^ 
Vpon  the  principles  already  eftabliflied.  - 

There  are  other  caufcs  of  diverfity  in  natural 
genius,  fuch  as  difference  in  the  degree,  &c.  One 

man 
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caan  ift  poflefled  of  a  more  retentive  memory  ^laq 
smother ;  another  man  may  have  a  more  lively  per<r 
ccpdon>  and  a  little  difference  in  principle  will  pro^ 
<)uce  a  great  one  in  the  effet5i:s«    Thefe  perfons  may 
leem  men  of  equal  talents^  and  yet  the  bent  of  the 
genius  will  be  different  in  each^  and  their  qualifi- 
cations different.     After  all,  it  is  difficult  to  fay 
what  may  be  the  effe&s  of  cultivation.     Many  ex- 
cellent pra£Bcal  muiicians  are  certainly  not  men  of 
genius,  nor  ever  pofleffed,  as- 1  have  been  informed^ 
qf  a  natural  genius  for  their  own  art.    What  mo^ 
commonly  influences  the  purfuits  and  difpofitiom 
of  men  is,  I  am  perfuaded,  cuftom  ♦,  early  aflb- 
ciationsj  and  a  prediledion  for  certain  occupations 
gpaerated  by  fome  agreeable  but  fortuitous  circum* 
jlance. .   Thus,  in  relating  the  life  of  Ae  poet  Cowt 
}cy>  Dr.  Johnfon  informs  us,  that,  **  In  the  window 
pf  his  mother-s  apartmenf^  lay  3pencer's  Fairy 

*  Much  of  the  di^erence   between   the   fcientific  geniiu« 

and  the  geniai  for  the  arts  will  depend  on  early  habit*  **  Per. 

fpns  (fays  Dr.  Hartley)  who  give  themfelves  mnch  to  rnirtk* 

wit,  and  bumoar,  mud  thereby  greatly  difqualify  their  andCT- 

fta^  dings  for  the  fearch  fifter  truth ;,  inafmuch  as  by  the  perpe- 

\}x?\  hunting  after  apparent  and  partial  agreements  and  dif* 

as  reements,  as  ^n  words,  and  ihdiredt,  accidental  circumftances  4 

w  .ilft  the  true  natures  of  the  things  themfelves  afford  real 

agreements  and  dii^greementSj  thaf  are  very  different  or  qaite 

pppofite,  a  roan  mufl  by  degrees  pervert  all  his  notions  of 

things  themfelves,  and  become   unable  to  fee  then^  as  they 

really  are,  and  as  they  appear  to  confiderate,  fober  minded 

inquirers.    He  mail  lofe  all  his  aflbciations  of  the  vifible  ideas 

of  things,  their  names,  fymbols,  ^c.  with  their  nf^al  practical 

relations  and  properties ;   and  get  in  their  Head  a^ddentalj 

indiredl,  and  unnatural  conjundions  of  circumftances^  that  are 

really  foreign  to  each  other,  or  oppofitiqns  of  thoie  that  are 

ttnitcd."-r-HartI«y  p.  4^ 

Queen  i 
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Queen  j  in  which  he  very  early  took  delight  to 
readjt  till  by  feeling  the  charms  of  verics  he  became, 
^  he  relates,  irrecoverably  a  poet*  Such  (adds  this 
great  moralifl:)  are  the  accidents,  which  fometimes 
remembered^  and  perhaps  fometimes  forgotten^  pro- 
duce that  particular  defignatioii  of  mind,  and  pro- 
penfity  fbr  fome  certain  fcienccj  which  is  commonly 
called  genius,  True  genius  is  a  mind  of  large  ge- 
neral powers,  accidentally  determined  to  foqie  par- 
ticular diredioB.  The  great  painter,  of  the  preficn^ 
age  had  the  firft  fondnefs  for  his  art  e^Kcited  (iky  diQ 
^tV&X  of  Richardlon's  trc*qfe  ♦,'* 


9  Joburon'e  l^ives^  vol.  V  ?•  V 
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op    TASTE. 

tif  J^iemut  tmi  Difa^ument  in  Taftfr'^  a  Standard  ^ 

Taftt. 

DISAGREEMENT  oftaftc,if  wcbutaf* 
tend  to  the  principles  explained  in  the  former 
part  of  this  book  *j  will  be  found  to  arife  froni 
partic^]lar  afTociations  f ;    and  agreement  in  tafto 
from  the  natural  affedions  common  to  all  maih» 
kind.    The  moft  perfcft  agreement  will  be  bc-» 
tween  tbofe  whole  genius^  (ludies^  and  odier  cir-» 
(:umftances  moft  perfectly  accord. 
^   National  tafte  is  influenced  by  the  fkme  caufes^ 
which  influence  that  of  individuals :{:,  and  a  flight 
fiflbciation  will  frequently  produce  the  moft  faq- 
taftical  cuftoms.     The  tyranny  exercifed  over  the 
female  fexj  the  je^^loufy  of  the  Afiatic  nations ;  an4 
the  ncglc6t  of  their  women,  Ihewn  by  fome  nor-^ 

♦  See  c.  xi. 

f  From  aiTociation,  if  glaring  colours^  of  any  other  thing 
fliould  be  regarded  by  the  coantry  as  a  fign  of  levity  or  any 
father  ill  qoality  in  the  wearer ;  or  if  any  colour  or  fafliion  \^ 
^fed  by  ruftics,  or  men  of  a  difagreeable  profefllon  or  tempec^ 
thefe  ideas  recur  with  the  fafhion  or  colour. 

\  Alrooft  every  perception  will  introduce  a  diilerent  train  of 
ideas  in  every  different  perfon,  accordiag  to  the  different  cir- 
^ttmdances  with  wh;ch  it  Qiay  have  been  moft  frequently  affo-> 
piated  in  each  perfon's  mind,  and  confequently  often  according 
|o  ^9ir  particular  occppation  prprofeffiQxi. 

thcrn 
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thern  barbarians,  does  not  proceed  from  a  coldncfe 
in  the  natural  temper  of  the  latter,  nor  from  che 
more  lively  pafljpns  of  the  former ;  the  truth  is,  ia 
the  rude  ftate  of  thofe  northern  people,  their  other 
wants  are  fo  many,  that  they  cannot  attend  to  the 
pleafures  of  luxury.  6ut  the  fouthern  nations  by 
the  aid  of  a  fine  climate  and  a  fertile  foil,  are  more 
advanced  in  civilization  than  thofe  of  the  north, 
though  not  arrived  at  that  point  when  the  mind  is 
enabled,  by  realba  and  philofophy,  to  rcfift  or  cor- 
rect falfc  affociations.  The  one  party  have  little 
notion  of  plcafurCj  the  others  h^vemiftakcn  noti-ons 
of  it.  A  fingle  movement  in  the  intelledual  world 
ioflucnccs  a  train  of  ideas,  and  if  wrong,  produces  a 
feries  of  mifconduft.  It  is  certainly  a  conftituent  of 
female  beauty  to  have  limbs  fmaller  and  more  deli* 
catc  than  thofe  of  men ;  but  mankind  arc  ever  de- 
firous  of  pleafurc  and  beauty  to  excels  ;  the  Chrnefe, 
ihwefore,  eodeavbui"  to  produce  a  degree  of  beauty 
beyond  what  nature  has  eftabliAxed  as  perfedtion, 
and  cramp  the  feet  of  their  women  cvea  to  defor- 
inity :  the  fame  motive  will  fcrve  to  explam  many 
fantaftical  fafhions  which  occur  to  our  own  obfer-- 
vation.  What  induced  fomc  of  the  Indians  to  co- 
lour the  teeth  black;  was  fupppfing  it  cflential  to 
men  to  differ  from  the  brutes  in  every  refpeft,  and 
therefore  it  was  jieceflary  not  even  to  have  teeth  of 
^e  fame  colour. 

Deviations  from  nature  happen  chiefly  in  a  ftatc 
a  few  r^^moves  from  barbarifm.  True  refinement 
brings  men  round  to  the  primitive  fimplicity  fronrj 
which  they  have  been  diverging*  Whether  th« 
theory  of  a  moral  fcnfe  is  admitted  or  not,  it  is  ftiH 
highly  probable,  that  there  is  in  all  things  a  certain 

perfeC'^ 
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perfciStlon  of  which  mankind  is  naturally  emulous. 
The  icj.al  charafters,  and  the  golden  age  of  poets, 
exh^it  the  original .  traces  of  the  confcioufnefi  of 
this  perfection,  written  in  the  breaft  of  cVery  man. 
It  is  on  this  ftandard  of  excellence  in  human  nature 
that  a  ftandard  of  tafte  probably  depends.    As  men 
approach   more   or  lefs  this  point  of  perfeftion, 
they  are  called  polite  or  ruftic,  civilized  or  barba- 
rous \  and  though  the  point  itfelf  has  never,  per- 
haps, been  atuined,  nor  ever  will  be  stained  by 
any,  yet  men  there  will  be  in  every  age  who  ap- 
proach nearer  to  it  than  the  great  mafs  of  mankindi 
and  in  fome  ages  they  will  abound  more  than  in 
others  j  from  the  number  of  thefe  we  are  to  form 
our  judgment  of  the  tafte  of  any  given  period; 
thefe,  in  faft  it  is,  who  lead  the  fafhion  in  thinking; 
and  although  there  are  degrees  in  this  intelleftual 
excellence,  yet  |ll  men  will  be  admirers  and  judges 
of  perfeftion  in  aits  or  in  morals,  in  an  exadl  pro- 
portion ds   they   approach  perfeftion   them  (elves, 
provided  o^ily  they  have  made  themfelves  perfeftly 
acquainted  with  the  principles  of  that  art  of  which 
they  prefume  to  judge. 


Ci» 
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Chap.    XIX. 


OF     OPINION. 

Paradox  oftbi  Stoks.^Explanaiim^^the  Jh^hk  PUufarrt  saff 
mtmtrous  than  thefenfibk  fmnsj^Th$Jmm€  ^wiiA  iis§  utteSltdsJ 
Pii^ures  and  Painr.  ^ 

.TT  was  a  dogma  of  the  ftoicsi  that  good  iaJ 
X  evil  depend  upon  opinion — Takfe  away  die 
bpinion  (fay  they)  and  die  evil  is  removed*.  This 
paradox  is,  perhaps^  not  wholly  incapable  of  ex- 
planation. Certain  it  is,  diat  if  wc  except  de 
fenfible  pleafurcs  and  pains^  much  of  our  temporal 
happinefs  and  mifeij^  does  depend  upon  opinioni 
that  is^  upon  an  imaginary  cftimation  or  fear  ac- 
buired  from  affociations  of  ideas.  What  rendcisa 
particular  walk  or  apartment  agreeable  after  beiipg 
for  feme  time  habituated  to  it  ?  but  that  the  idea 
tof  the  place  Becomes  entwined  and  conne<acd  with 
the  plcafures  enjoyed  in  it.  What  gives  value  to 
the  lover's  keep-fake  or  the  mifer's  gold  ?  not  that 
cither  are  of  any  ufe  to  them,  but  the  one  is  affo- 
fciated  with  the  plcafure  of  fympadiy,  the  other 
with  that  of  convenience  f-    The  moralifts,  their- 

felt, 

♦  Sec  M,  Anton.  Med.  Arrian  Paffim* 

t  Darknefs  and  obfcurity  arc  the  only  means  by  which  Ac 
eye  can  be  materially  deceived  in  judging  of  bodies.— TW 
fancies,  therefore,  of  apparitions,  whenever  they  arofe,  noft 
probably  took  their  rife  from  fomc  mifconception  of  this  kiod; 
»nd,  indeed,  the  little  probability  there  is  that  men  cpold  be 

deceiw 
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fbre^  who  aflert  that  we  may  be^  in  a  great  meafure^ 

the  fafhioners  of  our  own  happinefs»  are»  perhaps^ 

tiot   materially  mtftaken.     The  fenfible  pleafures 

are  more  numerous  than  the  fenfible  pains;  but 

the  greater  part  of  our  happinefs  is  inteileflual^  of 

formed  by  the  imagination*     If,  therefore,  we  can 

become  fuch  mailers  in  reafoning,  as  to  analize  and 

decompofe  thofe  paffions  which  the  imaginatioil  < 

forms9  the  hiry  fabrick  is  diflblvedi  and  our  uneafi<& 

ncfs  is  removed.     Nor  need  we  be  prevented  from 

uniting  together  agreeable  aggregates  of  ideas,  in 

which  work  nature  will  aflift,  and  for  the  reafon 

above  intimated^  vise,  becaufe  the  fenfible  plea« 

fures  are  more  numerous  than  the  lenfible  pains^ 

and  becaufe  the  mind  is  only  a£tive  in  purfuit  of 

pleafure* 

deceived  in  the  open  day»  made  obfcurity  be  always  cholen  as 
the  proper  (bene  iot  terrors  of  this  kind.  Naj^  the  fear  and 
caution  which  people  mud  have  in  the  dark  dn  account  of  thd 
danger  there  is  of  falling  or  injuring  themfelves ;  the  oppor- 
thnity  it  afibrds  for  ambufcades,  &c.  and  being  the  common 
ume  for  committing  murdersj  Sec  mud  increafe  this  appreheiv- 
iom  Befides  it  deprives  us  in  fome  meafure  of  fociety,  and 
cuts  off  many  pleaiing  trains  of  ideas  which  objedi  in  the  light 
introduce^  After  all,  probably  fo  much  of  our  happinefs  de^ 
pcnds  on  the  adion  of  our  fenfes,  that  the  deprivation  of  arty 
Anc  of  them  is  attended  with  proportionable  uneaiinefs.  Mi^ch 
«fe  has  been  made  of  this  principle  in  the  gloomy  conftru<flion 
of  religious  buildings,  &c.  fuperftition  being  the  common 
•ffipring  of  ftar. 


Chap. 
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Chap.    XX; 


OF  THE  FREE   AGENGY  OP   MAN. 

PreJefilnationi  or  fat  at  rfecifftty,  not  cOnneQed  *witb  the  D&Brine  oj 
the  JJpiciaiion  of  IJeas.'^—InconJtflency  of  the  Fataltfts,^^Moei*ve 
and  A^ion  in  Morals  totally  different  from  Caufe  end  EffeQ  i^ 
Phyfics. — The  Onus  PYohandi  in  thii  ^eftion  lies  on  the  Fa- 
talijls^^-^eftion  concemif^  the  Influence  of  Moti'ues.^''^rgianent 
of  the  Fataliftsfrom  the  Divine  Prefcience^'-'Ahfwrd  and  btrri" 
hie  Confequences  refulting  from  the  Hoitrine  of  Faiality.^-^Mo* 
defy  and  Humility  recommended' in  pbilojifpbieid  Studies. '^I'hoflr 
Sciences  to  he  preferred  tuohicb  are  moft  conne&ed 'mth  pruQic^ 
Utility. 

THAT  the  doftrine  of  the  aflbciation  of  ideas 
Ihould,  in  the  mind  of  any  vifionaiy  writer, 
have  ever  been  connefted  with  the  fatal  neceflity  of 
human  anions,  is,  1  confefs,  to  me  a  matter  of 
furprife.  Miferabfc,  indeed,  muft  be  the  ftatc  of 
man,  if  he  was  endued  with  no  power  of  regulating 
or  dircfting  the  train  of  his  ideas;  if  they  muft 
flow  for  ever  in  one  neceffary,  unbroken  channel,  or 
if  external  objefts  alone  were  to  didtate  to  us  what 
to  think*  It  is  obvious,  that  if  this  was  the  cafc^ 
there  could  be  no  variety,  and  fcarcely  any  change 
in  the  purfuits  of  men :  the  thoughts  muft  flo^ 
from  each  other  in  one  uninterrupted  ferics,  and 
man  could  not  be  an  Accountable,  and  fcarcely  a 
rational  creature. 

It  is,  however,  plain,  that  we  have  a  power  of 
bterrupting  the  train  of  thought,  of  dwelling  more 

intenfcly 
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intehfely  upon  particular  ideas,  and  even  of  occd- 
fionaily  diverting  our  reflections  and  contemplations 
into  new  channels  j  and  this  power  alone  is  fuffi- 
cient,  in  my  opinion,  to  conftitute  man  a  free 
agent  *.  Indeed  thofc  authors,  who  contend  moft 
for  the  dodrine  of  a  fatal  neccflity,  are  among  the 
firfl:  to  recommend  an  application  to  ftudy,  and 
the  cultivation  of  the  mind  j  whereas,  if  the  mind 
is  endued  with  no  fpontaneous  energy  whatever,  no 
fclf-direfting  agency,  furely  fuch  a  recommenda- 
tion is  inconfiftent  and  abfurd  f. 

On  any  queftion  of  ferious  importance,  analogi- 
cal reafoning  (hould  be  admitted  with  the  utmoil 

•  It  is  impofliblc  to  obferve,  without  a  fmile,  men  boafling 
of  being  the  difciples  of  Mr.  Locke,  who  have  apparently  nevet 
read  a  page  of  his  writings,  or,  if  they  have  looked  into  thein> 
have  evideintly  mifunderftood  them.  With  how  much  juflice 
this  real  philofopher  is  repreiented  as  a  favourer  of  the  abfur* 
ilities  of  the  fatalifls,  will  appear  from  the  following  pafCige : 
*•  This  at  leaft  (fays  Mr.  Locke)  I  think  evide  t,  that  we  find 
in  ourfelves  a  power  to  begin  or  forbear,  continue  or  end  feve- 
ral  aftions  of  our  minds,  and  motions  of  our  budies,  barely  by 
a  thought  or  preference  of  the  mind  ordering,  or,  as  it  were»' 
commanding  the  doing  or  not  doing  fuch  or  iuch  a  particular 
adion.  This  power  which  the  mind  has  thus  to  order  the  con- 
fidcration  of  any  idea,  or  the  forbearing  to  confidcr  it,  or  to 
prefer  the  motion  of  any  part  of  the  body  to  its  reft,  and  *vici 
werfa,  in  any  particular  inftance^  is  what  we  call  the  will."— 
Locke's  Effay,  B.  ii.  c.  21, 

f  If  there  is  no  degree  of  freedom  or  fpontaneity  in  human 
anions,  what  is  meant  by  the  words  delibeiaiion,  prudence, 
and  judgment?  If  the  opinion  of  the  fatalilh  is  true,  our  in- 
terference in  any  matter  or  action  is  fuperfluous ;  and  yet  who 
is  there  that  does  not  perceive,  that  the  courfe  of  a  dangerous 
difeafe  may  be  impeded  by  the  Calling  in  of  a  pnyfician  ?  a 
matter  which  was  entirely  within  the  choice  of  the  patient 
himrelf. 
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caution  j  and  yet  a  fcnfclcis  and  pacrilc  anakgf 

has  been  called  in  to  the  aid  of  an  ai^giimcnc,  'wiik 

cannot  be  fupportcd  by  pofitiyc  prooC      Modft 

and  aftion  in  morals,  have  been  coanfWJicd  to  cas& 

and  cffea  in  phyfics*.    That  fomc  motive  io  the 

mind  precedes  every  human  aftion  is   certaan,  aad 

thus  far  the  analogy  is  juft ;  but  the  motive  may  as 

well  be  in  the  will  itfelf,  as  die  nicrc  refidt  of  any 

external  caufc.     If,  indeed,  the  analogy  was  true  a 

all  its  partsj  a  human  being  would  be  altogether 

as  fubjeft  to  the  laws  of  inert  matter  as  a  block  rf 

marble  or  of  wood.    Whatever  is  fubjc«5fc   to  an 

abfolutc  neceffity,  can  never  be  the  incipient  caufrt 

or  the  beginner  of  motion  or  aftion  of  any  kind; 

it  muft  be  altogether  under  the  command  afld  di- 

reftion  of  external  objefts  i  it  muft  be   akogether 

inert  or  paffive,  having  no  principle  of  adicm  ia 

itfelf.     On  this  account  as   I   before   intimated, 

there  would  be  much  more  uniformity  in  the  adion* 

•  The  arguments  by  which  the  atheifb  have  attempted  to 
prove  this  analogy,  are  the  mod  abfurd  and  puerile  thaccao  weD 
be  imagined.  "  Every  eflFc6l,"  fay  they,  "  muft  proceed  from 
Ibme  caufe,  and  this  caufe  muft  be  dependent  on  anocker."  The 
dirc6l  conclufion  from  this  i«,  "  that  there  is  sq  where  an/ 
origin  or  beginning  of  motion,  but  every  thing  is  oecdlanly 
produced  by  an  eternal  chain  of  caafes  and  effe6l«,  wi^ioiic  any 
independent  origin."  Such  reafonipg  as  this  exadiy  rcfeinWn 
that  of  the  Indian,  who  fuppofes  the  earth  to  reft  on  a  cioco- 
dile,  the  crocodile  on  an  elephant — bat  what  docs  the  dephwt 
reft  on  ?  In  fafl,  to  compare  the  operations  of  the  mind  to  vq 
of  the  qualities  of  maiter,  is  to  compare,  as  Dr.  Clarke  lA- 
ferves,  a  fquare  to  the  colour  of  blue,  or  a  triangle  to  a  (bond. 
It  is  like  the  blbd  man,  who,  being  a&ed  what  idea  h^  had  of 
fcarlit^  faid,  he  fancied  it  muft  be  fomething  like  t)kf  fojOMl  of 
a  drum* 
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of  men,  if  they  were  fubjeft  to  a  fatal  influence, 
than  there  appears  to  be ;  there  would  be  no  diffi- 
culty in  deciding  what  muft  be  their  conduft  in 
any  given  circumftances. . 

A  freedom  of  deliberating,  chuGng,  and  deter*- 
mining  upon  things,  is  what  every  man  feels  iq 
himfelf*.  Jt  is  die  dicjlate  of  nature  and  commoa 
ienlc  5  one  of  the  firft  perceptions  we  have  of  the 
operations  of  our  own  minds.  It  does  not  lie  with 
us,  therefore,  to  prove,  that  the  human  nnind  is 
free  j  but  it  lies  with  the  opponents  of  liberty  to 
^roviy  that  //  is  not  free  i  and  this  ought  to  be  done 
upon  diredt,  pofitive,  expr-rimental  evidence,  and 
not  upon  fanciful  analog.es  or  conjefture. 

The  only  argument  which  the  fatalifts  have  ever 
been  able  to  adduce,  which  at  all  bears  upon  the 
point,  is  this — that  men  aft  fronn  motives,  and 
thefe  motives  are  dependent  upon  ficuation  and  ex- 
ternal' circumftances.  This,  then,  is  really  the 
point  at  iffue  between  the  fatalifti,  and  the  advo- 
cates for  the  {rtt  agency  of  man.  The  former 
fuppofe  the  influence  of  motives  from  external 
caufes  to  be  abfolute  and  unlimited;  the  latter  al- 
low the  influence  of  motives  to  a  certain  extent, 
but  they  deny  that  it  is  abfolute  and  unlimited. 

In  the  prefent  ftate  of  human  knowledge,  it  is, 
indeed,  a  fpecies  of  dogmatifm  not  to  be  endured, 
to  pretend  precifely  to  afceitain  how  far  the  in-' 

•  «  As  it  is  in  the  motions  of  the  body,  fo  it  is  in  the 
thoughts  of  our  minds ;  where  any  one  is  fuch,  that  we  have 
power  to  take  it  up,  or  lay  it  by,  according  to  the  prefet-enctt 
of  the  mind^  there  wc  are  at  liberty."«-Locke's  Eflay*  B.  ii. 
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flucncc  of  external  motives  extends  over  the  mind 
of  man.  That  external  caufes  fhould  have  a  cer- 
tain weight  and  influence  with  us,  is  certainly  con- 
fident with  the  wifdcm  of  Divine  Providence,  and 
confident  with. that  order  and  regularity  which  he 
"has  every  where  eftablilhed.  If  men  were  to  z& 
entirely  independent  of  all  influence  from  external 
caufes  and  circumftances,  the  world  would  be  an 
entire  fcene  of  confufion  and  difordcr;  ifi  on  the 
contrary,  they  were  endued  with  no  power  of  choice 
or  deliberation,  the  whole  would  be  an  inanimate 
tiniform  mafs,  fubjeft  to  certain  and  definite  laws, 
as  much  as  inert  matter.  In  this,  therefore,  the 
fame  happy  medium  appears  to  be  eftabliftied  as 
in  other  inftances.  Man,  from  his  natural  relation 
to  external  things ;  from  that  wonderful  connexion 
Ww!Pli'».exifts  between  the  body  and  the  mind,  is 
fuBjeft  jtt>  a  certain  influence  from  fuuation  and 
circumftances ;  but  there  is  ftill  in  his  own  mind  a 
power  of  reflcfting,  deliberating,  and  deciding  upon 
Jiis  motives  and  conduit. 

Another  argument  in  fevour  of  fatality  is  de- 
duced from  the  prefcience  of  the  Deity.  "  If  God 
foreknows  all  things  (it  is  alleged)  then  every 
event  muft  be  predetermined."  But  this  argu- 
ment refts  upon  the  fame  prcfumptuous  foundation 
Us  the  preceding,  which  would  pofitively  determine 
the  precife  degree  of  infiumce  that  external  caufes 
muft  have  upon  the  mind  of  man.  Dogmarifm 
certainly  never  was  the  road  to  truth,  and  is  utterly 
inconfiftent  with  that  modefty  and  humility,  which 
is  the  very  charadteriftic  of  a  real  philofophen 
The  prefcience  of  the  Deity  !    Who  will  dare  to 
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lay  that  he  is  able  to"  define  it  ?     Who  will  dare 
to  allege  that  he  underftands  every  particular  cir- 
cumftance  and  attribute  of  the  Divine  exiftencc  ? 
Xo  fay  that  God  cannot  cxercife  his  own  powers  in 
that  way  which  is  moft  agreeable  to  the  ends  that 
infinite  wifdom    propofes,    and    infinite  goodneft 
would  diftate,  is,  to  define  and  limit  omnipotence  F 
and  to  affirm  that  God  cannot  conftitute  man  a 
free  agent,  cannot  in  this  inflance  difpenfe  with  his 
own  prefcience,  is  to  fay,  that  God  is  not  omni- 
potent.    This  was  long  my  own  opinion  i  and  I 
was  happy  to  find  it  confirmed  by  the  excellent  and 
judicious  Dr.  Henry  More,  whofe  fentiments  on 
this  fubjeft  were  pointed  out  to  me  by  a  friend. 
*^  It  is  true  (fays  he)  we  cannot  othcfWife  think  of 
GoA's  fore 'knowkdge J  but  as  'being  every  way  clear 
and  perfect,  and  without  poffibilicy  of  err6r,  as  to 
thofc  objefts  about  which  he  judges  or  pronounces. 
And  furely  he  does  always  judge  and  determine  of 
things  according  as  they  are;  that  is  to  fay,  of  a 
contingent  thing,  as  it   is  contingent;   and  of  a 
ncccflary  thing  as  it  is  neceffary:   Whence  it  comes 
to  pafs,  that  thofe  things  which  arc  contingent  and 
proceed  from  a  free  principle  of  afting,  ^re  allowed 
to  be  feen  by  God's  confent, 

*'  But,  not  to  confine  God's  omnifoienc^  within  nar-? 
rower,  nor  afcribe  to  it  wider  bounds  than  we  do 
to  his  omnipotence^  which  all  fuppofe  to  be  an  abi- 
lity to  do  whatever  implies  not  a  contradi&ion ;  lc(  . 
us  difpatch  the  difficulty  in  a  few  words,  by  faying„ 
that  the  fere- knowledge  of  contingent  effeSs,  which 
proceed  from  a  free  principle  of  actings  does  either 
imply  a  cohtradidion,  or  it  does  not.  If  it  does 
O  o  3  *    impl^ 
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imply  a  contradiftion,  tlien  ftich  efFe<5ts  arc  noj  ik 
objeft  of  God's  omnifciencey  VaOt  determined  by  i^ 
nor  righdy  fuppofcd  to  be  determined  at  aU«  Bs 
iflt  does  not  imply  a  contradiction,  then  we  ada. 
glly  confefs,- that  dizineprefcience^  and  bumoB  Jra- 
will,  are  not  inconfillcnc^  but  that  they  may  ibjid 
together." 

The  moft  decifive  argument,  however,  agaiiin 
the  fatalifts,  is,  the  extravagant  conclufions  to  whkk 
this  gloomy  and  comfordcfs  doftrine  leads,  lad 
die  horrible  confequcnces  which  arc   attached  d 
it.     If  man  is  a  necejfary  agent,  he  cannot  pofllbl/ 
be  an  accountable  being  \  for  how  prepofterous  is 
the  thought,  how  inconfiftent  wouJd    it  be  wfd 
every  principle  of  juftice,  to  punifh  any  being  wiar- 
cver,  or  in  any  degree,  -for  what  he  could  not  have 
avoided  ?     In  a  theological  view,   therefore,  this 
doftrine  appears  to  condu<5t  dircftly  to  athcifnii 
for  we  cannot  conceive  of  the  Deity  in  fuch  a  man- 
ner as  to  fuppofe  him  wantonly  cruel  or  ujjjxift. 
To  fay  that  future  punilhme'nts  are  not  to  be  (as 
the  orthodox  party  conceive)  eternal  in  their  dura- 
tion, does   not   remove  the  difficulty;    to  punilh 
at  all   for   involuntary  offences,   is  cruelty   aad 
injuftice.    The  fyftem  of   free    agency,    on  the 
contrary,  is  confident  with  all  the  attributes  of 
God,  and  is. highly  confolatory  and  inftrutStive  to 
man.    This  fyltem  refts.  upon  the  cleared  halis  of 
juftice.     Man  is  created  free  j  he  has  good  aiul 
evil  placed  before  him,  with  the  ftrongcft  and  moft 
conciliating  modves  in  the  Chriftian  di^enfadcatq 
purfue  the  one,  and  to  avoid  the  other.     If  he  pcr- 
vcrfely  takes  the  wrong  courfe,  and*  £rQ¥:c«  i^corri- 
%  gibly 
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gibly  wicked,  every  principle  of  reafon  and  equity, 
fknftions  the  jufticc  of  his  punifliment.— Into  the 
nature  6f  that  punilhment,  it  is  not  my  prefcnt 
bulinefs  to  inquire.  It  will  doubtlefs  be  fuch  as  to 
fatisfy  infinite  juftice,  yet  tempered  by  the  fweet 
and  lalutary  exercife  of  infinite  mercy. 

If  the  divine  laws  are  thus  outraged  by  the  pre- 
*  pofterous  hypothefis  of  a  fatal  neceffity  ;  human 
laws,  I  fear,  will  not  ftand  upon  a  much  firmer 
foundation.  To  punifh  any  criminal  for  an  error 
which  he  could  not  avoid,  is  certainly  not  only 
cruel,  but  wicked  in  the  extreme ;  and  yet  fuch 
muft  be  the  cafe,  if  the  doftrine  of  the  fatalifts  is 
true  ♦. 

On  the  whole,  it  is  the  part  of  true  philolbphy 
to  avoid  equally  the  dangerous  extremes  of  an  ar- 
rogant dogmatifm,  which  profeffes,  like  the  igno- 
rant opponents  of  Socrates,  to  know  every  thing, 

•  In  the  courfe  of  a  very  few  years«  it  will  Scarcely  be  credited^ 
that  a  book  has  been  lately  publiihsd  on  this  very  principle, 
and  the  arguoient  of  the  author  is  briefly  this.  Maais  a  ne- 
ceiTary  agent,  he  is  therefore  not  an  accountable  being ;  his 
actions  are  all  determined  by  his  fituation  and  circuttiflances, 
taking  in  amongft  thefe  his  education  and  the  degree  of  know^ 
ledge  he  has  been  enabled  to  acquire.  What  arc  called  crtmi^ 
therefore  are  only  nufiakes^  perfedly  involuntary  on  his  par^ 
and  he  therefore  (whether  he  is  a  thief,  a  murderer,  or  a  par«r 
ricide)  ou^bt  lut  to  he  punijhtd»  but  inftruSfed^xA  reafoned  with. 
As  no  criminal  ought  to  be  puniihed,  all  laws  or  regulation^ 
insft  be  perfe^y  nugatory  in  fociety,  and  even  pernicious  { 
marriage  is  law,  and  therefore  it  is  pernicious,  and  ought  to  be 
aboli(hed.*«-It  is  happy  for  thecaufe  of  truth,  when  fuch  books 
are  publifhed  ;  for  if  the  farcaftic  genius  of  a  Swift  conld  have 
more  efFeaually  borlefqued  the  doArine  of  neceffity,^  am  no 
Judge  of  ir$nj9^ 

O  0  4  gnd 


568  Studies  (ffpraSicd  [Book  IL4 

and  of  that  perplexing  ikepticifm  which  would  de- 
prive the  human  underftanding  of  capacity  and  in- 
telligence. As  finite  beings,  many  facts  are  ne- 
ceflarily  placed  beyond  the  reach  of  our  refearches. 
They  are  neither  fuited  to  our  faculties,  nor  our 
fituation  in  this  life ;  and  where  we  have  no  bafis  of 
fa6t:  on  which  to  reafon,  error  will  generally  be  the 
confequence  of  our  indulging  in  vifionary  ipecu* 
lations. 

To  confole  us  for  this  deficiency,  we  may  ftill  re* 
mark,  with  fatisfaftion  and  gratitude,  that  if  much 
is  concealed,  much  alfo  is  known.  There  is  an 
immenfe  fund  of  practical  knowledge  perfeftly 
within  the  grafpof  our  faculties.  There  is  fcarcely 
^ny  human  fcicnce,  which,  to  know  it  well,  is  not 
fufficient  to  employ  the  moil  protrafted  exiftenceof 
man.  It  will  be  more  confident  with  happineis, 
as  well  as  with  modefty,  to  acquaint  ourfelvcs  with 
thcfe,  before  we  launch  into  the  unfathomable  abyfs 
of  metaphyfical  fpcculation  j  nor  indeed  can  any 
thing  be  more  difgufting,  than  to  hear  a  loquacious 
difputant,  who  is  unacquainted  with  the  plaineft 
and  mod  ufcful  branches  of  knowledge,  prefuming 
to  arraign  the  appointments  of  omnifcience,  to 
^^  re-judge  his  juftice  /'  to  annihilate  the  intellcdtual, 
and  to'  confufe  and  difturb  the  moral  world.  Much 
greater  is  his  mcjir,  much  ibunder  is  his  judgment, 
who  fabricates  the  fimpleft  jnachine,  or  plans  or 
executes  the  plaineft  undertaking  that  may  be  pra«- 
tically  ufefiil  to  mankind. 

Yet  we  may  innocently  amufe  our  curiofity ;  we 
may  innocently  gratify  our  thirft  of  knowledge  j 
we  may  innocently  exercife  our  fecult^.    But  let 
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^s,  in  the  name  of  reafon,  'exercife  them  on  their 
proper  obje6ts ;  let  us  leek  for  knowledge  where 
it  is  really  to  be  found;  let  our  curiofity  employ 
itfclf  where  fafl^,  experiment,  an  J  obfervation,  may 
lead  to  fome  certain  conclufion.     The  book  of  na« 
ture  is  open  to  us ;  the  material  world  is  diiplayed 
for  our  infpeftion,  and  for  our  improvement  j  the 
intelledual  world  is  covered  with  an  almoft  im- 
penetrable veil,    .What  God  has  chofen  to  reveal  of 
himfelf  in  the  holy  fcripturcs,  may  be  eafily  com- 
prehended; what  he  has  chofen  for  the  prefent  to 
keep  in  refervc,  no  mortal  efforts  will  ever  be  able 
to   dcvclopc.    The  fimplefl  and  moft  unlearned, 
perfon  who  ftudies  with  a  pure  heart,  and  an  un- 
depraved  min^,  the  facred  volume,  is  pnuStically 
wife  ;  the  brighteft  underftanding,  the  moft  exalted 
genius,,  who  attempts  to  go  beyond  it,  becomes 
inevitably  a  fool. 
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Bell,  1.453- 

Bifmuth,  II.  157. 

Black,  Dr.  his  great  difco^«tW| 

1. 66,  365. 
Bleaching,  II.  16. 
Blood,  III.  92. 
—  Circulation  of,  in.  5?^« 
Body,  human,  its  growth  at'* 

decline,  III.  457. 
Boerhaave,  I.  66* 
Boiling,  I.  ic6. 
Bolognian  (lone,  II.  285. 
Bones,  III.  106. 
Borax,  II.  $1. 
Boyle,  I.  3,-63,  76,  155. 
Brain,  III.  297. 
Brafs,  II.  175. 
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Bread,  III.  65. 

Breezes,  land  and  fea»  I.  467. 

C. 

Calcareous  earthy  II.  56, 61. 
Caloric,  1.  70. 
Camera  obfcura^  I.  236. 
Camphor,  HI.  58. 
Carbonaceous   principle,    H. 

Carbonic  acid  gaS|  I*  389. 
Carnelion,  II.  io8* 
Catoptrics,  I.  185. 
Cell  alar 'fubftafice.  III.  224. 
Charcoal,  11.293. 
Chimniedj  I.  132. 

Clay,  H.  58,  82. 

Coals,  II.  297. 

Cobalt,  II.  ij2. 

Cohedon,  I.  iB. 

Cold,  artificial,  II.  26. 

Cold,  I.  147,  502. 

Colours,  1.  184,  237. 

Colooring  matter  of  vegetables, 
III.  65. 

Combuftiofi,  I.  127. 

Conductors,  I.  80,  82. 

■  eledrical,  I.  287. 

345. 
Congelation,  I.  404. 
Copper,  II.  213. 
Cofmetics,  II.  i$8. 
Cnwford,  Dr.  1. 68. 
Cryftal,  U-  ^05. 
Cryflallization,  I.  24* 
Cryflals,  Iceland^  II.  6z» 
Cuft(xii,  III.  517. 

J>. 
Delaval,  I.  i6a« 
Deluge,  proefisofy  IL 105, 347* 


Dew,  H.  5  JO. 
Diamond,  II.  98,  3174 
Diana's  tree,  II.  249. 
Dieeftion,  III.  347. 
Dioptrics,  L^i8i. 
Divifibiljty,  I.  12. 
Dying,  art  of,  III.  67. 


Earths,  IL  55. 

ponderous,  IF.  80. 

compound,  II.  117, 
Earth  J  ftru6iure  of^  II.  320. 
Earthquakes,  II.  406. 
Echo,  I.  461. 
Ekdicity  of  air,  I.  452. 
Ele6lricity,  I.  281. 

— ~  animal,  111.389. 

Ele6lriqal  machine,  I.  304. 
Eledrometer,  I.  328. 
Ele^ophonis,  I.  327. 
Elements,  I.  6. 
Emerald,  II.  102. 
Evaporation,  I.  26,  120.* 
Excretion,  III.  342. 
Expaniion,  I.  88. 
Extenfion,  1. 10. 
Eye,  III.  i6i«  426. 

F. 
Farina,  III.  61- 
Fat,  IIL  91,  226. 
Fecula,  HI.  60. 
Fermentation,  IIL  69. 
Fire,  I.  70. 

Fires,  common^  I.  1324 
~-—  engine^  II.  fi  2. 
Flame,  1. 130. 
FUnt,  IL  59,  loj. 
Fluid,  L98. 

fluids 
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Fluids,  ekftic,  I.  io6,  iiq. 

Fluidity,  I.  99. 

Fogs,  II.  549. 

Fountains,  artificial,  II.  496. 

Fnmklin,  Dr.  l.  2S9. 

Free  agency  of  man,  III.  560. 

Freczirrg,  I.  104.-11.  445. 

French  chalk,  II.  75. 

Fulminating  filver,  11.  246. 

'  gold,  II.  261. 

G. 

Galileo,  I.  152. 

Garnet,  II.  105. 

Gas,  carbonic  acid,  I.  389* 

Gems,  II.  98. 

Genius,  III.  549. 

Generiition.  III.  449. 

Gcftation,  III.  451. 

Glands,  III.  105. 

Glafs,  II.  1 10. 

Glauber's  fait,  II.  23. 

Glue,  III.  90. 

God  (proofs  of  a)  I.  384* 

Gold,  II.  253. . 

Gravity,  gravitation,  I.  27. 

Gravity,  fpecifk,  ^.  29. — II. 

476. 
Gregory,  I.  156. 
Grottoes,  fparry,  II.  70. 
Gum,  III.  46. 
Gun-metal,  II.  222^ 
Gun  powder,  I.  134. 
Gypfum,  II.  6j. 

H. 

Hail,  II.  547. 
Hair,  II.  230. 
Halley,  I.  i68,  274. 
Halo,  I.  266* 


Harmattan,  I.  477. 
Hartfhorn,  II.  8. 
Hatred,  III.  509. 
Head,  ni.  1 10. 
Hearing,   III.  416. 
Heart,  HI.  265. 
Heat,  I.    70,    137. 
——Scale  of^  145. 
Horns,  III.  231. 
Hurricanes,  I.  47$. 
Hyacinth,  II.  102. 
Hydraulics,  II.  480. 
Hydrometer,  II.  475* 
Hydrophenous  fione,  U.  1:6. 
Hydroflatics,  11.4^0. 
Hygrometer,  i.  419. 

I, 

James's  Powders,  IL  i6^ 

Jafpcr,  II.  109. 

lce»  11.445. 

Ideas^  fioiple  and  complex, ni. 

470. 
Jelly,  III.  90. 
Ignis  iat^us,  I.  516. 
Ignition,  I.  127. 
Infiammable  fubftanco^  !/• 

271. 
Infle^on  of  light,  I.  2^ 
Ink,  II.  189. 
— '  fympathetic,  II.  IJ5- 
Intefcines,  III.  238. 
Invention,  111.489. 
Iris,  I.  257. 
Iron,  II.  177. 
Judgment,  III.  492. 


Lamp,  Aigand's,  I.  131. 
LaDop  black,  II.  294. 

Lzvm 
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X^iynx,  III.  257. 
latent  heat,  1. 99* 
Xava,  II.  121. 
Lravoifier,  I.  367.— III.  72. 
Lead,  II.  202. 

I.     ■  black,  II.  296. 
Lens,  I.  181. 
Lenfes,  I.  211. 
Leyden  phial,  I.  287,  319. 
Liberty,  III.  560. 
Light,  I.  148.  164. 
Lightning,  I.  338. 
Lime,  II.  $6,  6i, 
Lime,  phenomenon  in  flaking, 

I.  84. 
Liverflone,  II.  81. 
Love,  III.  509. 
Lunar  cauflic,  II.  245. 
Lungs,  II.  263. 
Lymphatics,  III.  293. 

M. 
Magic  lanthorn,  1/235. 
Magnefia,  IL  S7i  74- 
Magnetifm,  I.  39. 
Magnets,  artificial,  I.  51. 
Manganefe,  II.  146. 
Manna,  III.  53. 
Manures,  III.  36. 
Mariners  compafs,  L  45. 
Marie,  II.  63. 
Marrow,  III.  107. 
Matter,  I.  i. 
Memory,  III.  482. 
Mercury,  II.  226. 
Mcfentery,  III.  233. 
Metals,  II.  125. 
Meteors,  I.  504. — IL  350. 
Mica,  II.  76. 
Microfcopes,  I.  229. 


Mind,  human,  III.  461. 
Mineral  tallow,  II.  316. 
— — —  waters,  II.  572.' 
Mirrors,  I.  189,  196. 
Moifture,  L%iy. 
Molybdena,  II .  143. 
Monfoons,  I.  467. 
Montgolfier  balloon,  I.  535.  - 
Moonftone,  II.  108. 
Morab,  III.  543. 
Motion,  I.  35. 
Mountains,  II.  350. 
Muriatic  falts,  II.  38. 
Mufcles,  III.  ij6. 
Mufcovy  glafs,  IL  77. 
Mufcular  motion,  IIL  382. 

N. 
Naphta,  II.  308. 
Needle,  magnetic,  I.  45. 
Nerves,  III.  311, 
Newton,  Sir  Ifaac,  I.  15^. 
Nickel,  II.  149. 
Nitre,  II.  28. 

cubic,  II.  34. 

Nitrous  ammoniac,  II.  36. 


Ocean,  JI.  531. 
Oils,  fet,  IIL  53. 
—  eflential.  III.  55. 
Omentum,  III.  234. 
Onyx,  II.  108. 
Opacity,  I.  250. 
Opal,  II.  104. 
Opinion,  III.  558. 
Optics,  I.  185. 
Orang  Outang,  III.  103. 
Ores  of  metals,  IL  131. 
— f.  jaflaying,  &c.  II.  133. 
Oxyds, 
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Oxyds,  vegetable^  III,  4a. 
Oxygcags^  I.  371. 

P. 
Pain,  III.  joo. 
Parhelia,  i.  268. 
PaffionSy  III.  $21. 
Perception,  III.  466* 
Peritoneum,  III.  252. 
Pctrifa6l]ons,  II.  6s. 
Petroleum,  II.  309. 
Pewter,  II.  aoo. 
Phofpliorus,  I.  171.— II.  277. 
Phyfiognomy,  III.  164* 
Plants,  III.  3. 
»■    ■■■■  nourifiiment,  &c.  III. 

35- 
Platina,  II.  266. 
Plating,  art  of,  IL  251. 
Plcafurc,  III.  joo. 
Plumbago,  If.  296. 
Polfis  of  the  magnet,  1. 44* 
Porcelain,  II.  9$. 
Pottery,  II.  94, 
Pulfes  of  the  air,  i.  454. 
Punnicc  fione,  II.  11  a. 
Pump,  common,  II.  505. 
Pump,  forciiigi  II.  504,  511. 
Pupil  of  the  eye,  III.  429. 
Putrcfa£lion,  III.  81. 
Pyrometer,  I.  145. 
Pyrophorus^  11.  91,  287. 

Quartz,  II.  104. 

Rain,  II.  S40. 
Kainbow,  I.  2$6,  259. 
Reamnr,  I.  91. 
Reaibnlngy  III.  532. 


Kefleaioa  of  light,  I.  s8cii> 
Refiraiftioo    of  figbt,    I.  x^ 

I99i 
RepulHoD,  I-  33. 
Refin^  HI.  $9. 
Refpiration,  III,  365. 
Rivers,  II.  556. 
Rods,  condu^ng,  I.  34^, 
Roots  of  plants.  III.  7, 
Ruby,  II.  io3« 
Rumford,  count,  I.  81. 
Rupert's  drops,   U.  uj.     . 

S. 
Sal  ammoniac,  11^  48. 
Salt,  common,  II.  3^ 
Salts,  II.  J. 
Sapphire,  II.  iQa« 
Saturation,  I.  2^3. 
Sea,  I.  174. — II.  531. 
Secretion,  III.  541. 
Senfes,  III.  401. 
Sight,  I.  218. — ^III.  426. 
Siliceous  earths,  II.  98. 
Silver,  IL  239. 
Siphon,  II.  466. 
Skin,  III.  227. 
Slate,  II.  §y. 
Slickenfides,  II.  115. 
Smelling,  III.  414. 
Snow,  II.  $46. 
Soap,  II.  7. 
Soap  rock,  II.  75* 
Solidity,  I.  10. 
Solution,  I.  22. 
Sound,  L  452. 
Spar,  Derbyfliirc,  II,  69. 
•*-—  ponderous,  II.  80. 
Sparry  acid,  IL  id* 
■    ■  tartars^  IL  51. 

Speaking 


1 


INDEX. 


Speaking  trumpet,  I.  463. 
Spectacles,  I.  224* 
Springs  of  water,  II-  5$ i- 
— — ^  hot,  II.  566. 
Starch,  III,  63. 
Stars,  falling,  L  jf  4. 
Steam  of  boiling  water,  -I.  no. 
■  engine,  h   no,  — II. 

43a. 
Steel,  11.  183, 
Stomach,  III.  23 {•      . 
Su^ion,  I.  441. 
Sugar,  III.  48. 
Sulphur,  II.  289. 
Sun,  I.  175. 
Swine  ftone,  IIv73« 
Syphon,  IL  467. 


Tallow,  mineral,  XL  316. 
Tafte,  III.  41 1,  sii. 
Teeth,  III.  12%. 
Telefcopes,  I.  156,  159,  227.. 
Temperature,  I.  83.        i 
Tendons,  III.  104. 
Terras,  II.  123. 
Thermometers,  I.  65^90. 
Tin,  II.  195. 
Topaz,  II.  102.- 
Torricelli,  I.  427. 
Touch,  III.  408. 
Tourmalin,  II.  loj^    . 


Touchftone  (the)  II.  257. 
Tufigfteini  II.  71,  144, 


.  Vapuum,  I.  426. 
Vjipour,  I.  106,  118. 
-Vapour^,    veficular,  &c.    EE!, 

Vegetables,  III.  i.. 

Veips,  III.  285. 

Velocity  of  light,  I.  171  • 
-Vermillion,  II.  23;. 
-Vifion,  I.  182;  218. 

Vitriolic  falts,  II.  23. 

Voice  of  man,  III.  256,  379. 

Volcanic  produf^s,  II.  120* 
'Volcanoes,  II.  357. 

Water,  II.  425. 
Waters,  mineral,  II.  572. 
Water-fpouts,  I.  3  $1,48 7. 
Wax,  vegetable.  III.  54. 
Weather,  I.  519. 
Wedgewood,  Mr.  I.  96. 
Winds,  I.  464. 
Windpipe,  III.  259. 
Wood,  III.  4, 
'Words,  III.  49J. 

Z. 

Zinc,  II.  170. 
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DIRECTIONS  FOR  PLACING    THE  PIAT8S. 

Vta  T.  PL  t.'  tft  hct  page  190. 
a.    -    -    -     -    19a, 

3-    -    "    -    -    ^9^* 

4.  -    -    .    .    ao4. 

5,  -    -    -    -    »o6. 
6u    .    -    -    -    AoS. 

•  -  -  sia. 

.  -  .  %i^ 

*   9.    •    -  .  -  ai6. 

JO.    -    -  -  -  aaa. 

II.   -    .  -  -  aa8* 

la.   ....  238. 

13.  -    -  -  -  246- 

14.  -    -  -  -  464*  . 

>S a79- 

26.   -    -    -    -    304. 

17.     -      -      -      .     305. 

18.'-  -  .  -  3oi. 
19.  ...  -  373. 
ao.   •    -    •    -   454. 

Vol.  11.  Fl.  X.  to  face  page  328. 
a.    .    .    .    .    384/ 

3 390- 

4 444-. 

5.  •     .    .    -  46a. 

6.  -    -    .    -  472. 

7.  -    -    -    -  50a. 

8 51a. 

9 S16. 

i<J .SS4* 

VoL  III.  PL  I.  to  fece  page     10. 
a.   -    -    -    -    152. 

*        3.  -  -  '"^  ^54- 

4.  -  -  -  .  ao8. 

5.  -  -  -  -  210. 

6.  -  -  -  -  »i4. 

7.  -  -  -  -  216. 

8.  -  -  .  -  aao. 

9.  •  «,  .  -  aaa. 
JO.   -  -  -  -  251. 

11.  .    -    -     .   aca. 

12.  •    -    -    -   a84, 

13.  -    -    -    -  aQa. 

14 334^ 

ij.  -  -  -  -  43<^^ 
x6 44<^ 


/' 


